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ABSTRACT
Thia d la a e r ta t lo n  has a tw ofold o b ja c tlv a : (a )  e s tim a tin g
e m p iric a lly  an e l e c t r i c i t y  co a t fu n c tio n  ao aa to  note l t a  Im p llca tlona  
regard ing  the  e f f i c i e n t  p ro v is io n  and p r ic in g  of e l e c t r i c  se rv ic e  In 
the  United S ta te s ;  and (b) In tro d u c in g  a l l  re le v a n t economic p r in c ip le s  
of c o s t and p r ic in g  In th e  e l e c t r i c  power In d u s try , a su b je c t which I t  
Is  f e l t  has not rece iv ed  adequate trea tm en t in  most p r ic e  theo ry  and 
pub lic  u t i l i t y  economics books.
The s t r u c tu r a l  c h a r a c te r i s t i c s  of th e  in d u s try  along w ith  the  
g en e ra tio n ; tran sm iss io n , and d i s t r ib u t io n  a sp ec ts  of e l e c t r i c i t y  supply 
a re  d esc rib ed  In C hapter I .  C hapter I I  develops the n a tu ra l  monopoly 
th e s is ,  follow ed by d isc u ss io n s  on the  theo ry  of p r ic e  d isc rim in a tio n  
( f i r s t ,  second, and th ird  degree d isc r im in a tio n ) , p r ic e  re g u la tio n  
(average c o s t p r ic in g , m arginal c o s t p r ic in g , and re g u la te d  p r ic e  d i s ­
c r im in a tio n ) , and peak load p r ic in g . S p ec ia l emphasis la  p laced  on the 
goal of a t ta in in g  an optimum a l lo c a t io n  of reso u rces  from the p o in t o f 
view of so c ie ty .
The abundance of pub lished  da ta  fo r  e l e c t r i c  u t i l i t i e s  has made 
th ia  in d u s try  a f e r t i l e  f i e ld  o f  re sea rch  fo r  econom ists in te re s te d  in  
the v e r i f i c a t io n  o f c o s t th eo ry . Numerous em p irica l in v e s tig a tio n s  
have examined c o s ts  in  the  e l e c t r i c  power In d u s try , reach ing  v ario u s  con­
c lu s io n s  r e la t in g  to  the shape of th e  re s p e c tiv e  cu rv es. The methods 
and r e s u l t s  o f these  p rev ious s tu d ie s  a re  reviewed in  Chapter I I I  in  
o rder to  f i r s t ,  i l l u s t r a t e  th e  com plexity  o f the  to p ic  and second, show
v l l
v l l l
th a t  fo r  th e  purpose* e t  head fu r th e r  work wee needed In  th i s  e ree  a* 
many of th ese  in v e s tig a t io n s  lacked from conceptual as w e ll as em p irica l 
v a l i d i ty .
In  Chapter IV a new average c o s t fu n c tio n  fo r  e l e c t r i c i t y  supply 
i s  proposed and re g re s s io n  techn iques a re  u t i l i s e d  in  i t s  e s tim a tio n . 
A tte n tio n  i s  given not on ly  to  th e  re la t io n s h ip  o f c o s t to  o u tp u t, s ic e  
o r c a p a c ity , and number o f custom ers bu t a ls o  to  th e  In fluence  of fa c to rs  
such a s  technology and re so u rce  p r ic e s .  In  c o n tra s t  to  th e  m a jo rity  of 
the  p rev ious s tu d ie s ,  the  f irm , n o t the  p la n t  o r th e  g e n e ra to r , i s  used 
a s  th e  u n i t  of o b se rv a tio n ; f u r th e r ,  no t on ly  the c o s ts  o f g en era tio n , 
b u t a lso  th e  c o s ts  of tran sm iss io n  and d i s t r ib u t io n ,  a re  considered .
I t  i s  dem onstrated th a t  economies o f sc a le  and economies of 
u t i l i z a t i o n  o c cu r-‘meaning, re s p e c t iv e ly , th a t  long run  and sh o rt run 
d ecreasin g  average co a ts  a re  th e  norm-- in  th e  p ro v is io n  o f e l e c t r i c i t y  
and th a t  th e  p o in t a t  which economies of s c a le  a re  exhausted  has no t y e t 
been reached . Economies o f u t i l i s a t i o n  a re  more Im portant than economies 
of sc a le  as a source o f c o s t sa v in g s , im plying th a t  b e t t e r  employment 
o f e x is t in g  c a p a c ity  r e s u l t s  in  a g re a te r  re d u c tio n  in  u n i t  c o s t than 
expansion In c a p a c ity . M oreover, th e  a p p lic a tio n  o f  m arginal c o s t p r ic ­
ing w i l l  g ive r i s e  to  economic lo s se s  fo r  the  in d iv id u a l firm s.
I t  i s  argued in  C hapter V th a t  the  d i f f e r e n t  b lock  r a te s  charged 
by American e l e c t r i c  u t i l i t i e s  to  the  se v e ra l c la s s e s  o f custom ers, 
by no t being  v a r ia b le  accord ing  to  th e  tim e o f use (peak and o ff-p e a k ) , 
do no t s u i ta b ly  m irro r c o s t and consequently  lead  to  a poor u t i l i s a t i o n  
of th e  economy's re so u rc e s . Furtherm ore, i t  i s  shown th a t  these  d i f f e r ­
e n t r a te s  do not r e f l e c t  p ro p e rly  th e  v a r ia t io n s  in  the  c o a t o f p rov id­
ing  e l e c t r i c  se rv ic e  to  r e s i d e n t i a l ,  comm ercial, and in d u s t r ia l  custom ers.
Thus, th i rd  degree o r c la aa  d isc r im in a tio n  la  ln h a ran t in  tha  p r ic in g  
p o l lc ia a  o f U.S. u t i l l t l a a .  Bacauaa l a a t  block r a ta a  a ra  ap p aran tly  
unequal to  m arginal c o a t ,  i t  la  in fe rre d  th a t  th ia  d ie c r im in a tio n  
promotea n e ith e r  the  moat e f f i c i e n t  employment o f e x la t ln g  c a p a c ltle a  
nor optim al inveatm ent d ec laIo n a .
F in a lly ,  C hapter VI aummarlsea the  r e a u l ta ,  drava a d d itio n a l 
concluaions concerning co a t and p r ic in g  in  th e  e l e c t r i c  power in d u s try , 
and In d ic a te s  v a rio u s  complementary a re a s  worthy of fu tu re  re se a rc h .
CHAPTER I
INTRODUCTION
The U. S. E le c t r ic  Power In d u stry
Although e l e c t r i c i t y  was £ i r s t  generated  in  1831 by a dynamo 
developed by Michael Faraday, th e  e l e c t r i c  power in d u s try  in d u s try  did  
not begin  u n t i l  the  Incandescent l ig h t  bulb was p e rfe c te d  by Thomas A, 
Edison in  1879. By 1882 the  f i r s t  e le c t r i c  l ig h t  and power system , th e  
E dison E le c tr ic  I llu m in a tin g  Company of New York, had begun o p e ra tio n s  
w ith  an I n i t i a l  c a p i ta l  o f one m ill io n  d o l la r s .  Since then  the in d u s try  
has no t only experienced phenomenal growth, b u t by a f fe c t in g  alm ost 
every  p a r t  o f  our n a tio n a l economic l i f e  i t  has assumed f i r s t  Importance 
In  th e  v a s t  f i e l d  of p u b lic  u t i l i t y  e n te rp r is e s .^
Today over 3,600 systems of d i f f e r e n t  le g a l and economic ch arac ­
t e r i s t i c s  comprise the  e l e c t r i c  power In d u s try . These system s vary  
g re a t ly  in  s ic e ,  type of ow nership, and range of power supply  fu n c tio n s 
perform ed. Four d i f f e r e n t  ownership segments compose the  In d u stry : 
investor-ow ned, S ta te  and lo c a l  p u b lic  ag en c ie s , c o o p e ra tiv e s , and F edera l 
ag en c ie s . The la rg e s t  segment i s  th e  investor-ow ned group. This group
"The e l e c t r i c  power in d u s try  has expended a t  a pace n e a r ly  tw ice 
th a t  o f the  o v e ra ll  economy, doubling  roughly every 10 y ears  and In c re a s ­
ing  a t  an annual compound r a te  o f abou t 7 p e rc e n t."  See U .S. F edera l 
Power C oM lsalon , N ationa l Power Survey. P a r t  I  (W ashington, D.C.: U.S.
Governaient P r in t in g  O ffice , 1964), p . 9.
1
In  1968 accounted fo r  76.7 p e rcen t o f the t o ta l  e l e c t r i c i t y  generated  
in  the  U nited S ta te s ,  owned over 76 p e rcen t o f th e  In d u s try 's  g en era tin g  
c a p a c ity , and served  79 p e rc en t o f I t s  t o t a l  custom ers. Although the  
Investor-ow ned segment c o n s is ts  of over 400 f irm s , about 90 p e rcen t o f 
I t s  ou tpu t I s  generated  by th e  211 companies th a t  c o n s t i tu te  c la sa e a  A 
and B o f  e l e c t r i c  u t i l i t i e s .  These two c la sa ea  of Inveator-ow ned e le c ­
t r i c  u t i l i t y  system s form the  most im portan t s in g le  group In  the  e le c t r i c  
power in d u s try  producing approxim ately  70 p e rcen t of the  t o t a l  e l e c t r i c ­
i t y  generated  In  th e  U nited S ta te s  in  1968.
In  supply ing  e l e c t r i c i t y  to  the f in a l  consumer th re e  d i s t i n c t  
fu n c tio n s  must be f u l f i l l e d :  g e n e ra tio n , tran sm iss io n , and d i s t r ib u t io n .
Of the two b a s ic  methods used to  generate  e l e c t r i c i t y ,  I . e . ,  hyd roelec­
t r i c  and steam  o r  therm al g e n e ra tio n , th e  l a t t e r  i s  the  predom inant one. 
H y d ro e lec tric  p la n ts  transfo rm  the energy o f  f a l l in g  w ater in to  e l e c t r i c ­
i t y  w hile s te a m -e le c tr ic  p la n ts  use the  energy In  f o s s i l  fu e ls  (c o a l , 
n a tu ra l  gaa, o i l )  o r n u c le a r  fu e ls  (m ainly uranium ). Hie fu e l  I s  burned 
under a b o i le r  where i t s  energy I s  changed to  h e a t and p re s s u re . in  th e  
steam . This p re s su re  in  tu rn  sp in s  a steam  tu rb in e  which i s  connected 
to  an e l e c t r i c  g e n e ra to r . In  the  g en e ra to r  th e  tu rb in e  energy i s  f in a l ly
3
converted  to  e l e c t r i c a l  energy. T ransm ission Is  the  p rocess o f t r a n s ­
p o r tin g  the e l e c t r i c a l  energy  a t  high v o lta g e  from th e  genera ting  p la n ts
2
C lass A u t i l i t i e s  a re  those  having annual e l e c t r i c  o p e ra tin g  
revenues o f $2.5 m il l io n  or more. C lass B u t i l i t i e s  a re  those w ith  
annual e l e c t r i c  o p e ra tin g  revenues o f $1 m ill io n  o r more bu t le s s  than  
$2.5 m ill io n .
3
Steam g en era tio n  u sin g  fo a a l l  fu e ls  accountsd fo r  91.8 p e rcen t 
o f the  to ta l  e l e c t r i c i t y  g en e ra tio n  by c la sa e a  A and B u t i l i t i e s  in  1968. 
Coal a lone was re sp o n s ib le  fo r  over 50 p e rc en t o f the t o t a l .
to  bu lk  d e liv e ry  p o in t*  w hile d i s t r ib u t io n  1* th* f in a l  proc*** by which 
e l e c t r i c i t y  i s  d e liv e re d  to  the  u ltim a te  consumer a t  lower v o lta g e .^  
P opu la tion  growth coupled w ith  an in c re as in g  dependence on 
e le c t r i c a l  energy guaran tees a con tinuously  r i s in g  demand fo r  e l e c t r i c ­
i t y .  The growth and e f f ic ie n c y  o f the  e le c t r i c  power in d u s try , which 
a re  prime economic goals today, w i l l  become an a b so lu te  n e c e ss ity  In  
the near fu tu re  i f  the U nited S ta te s  expec ts to  m ain tain  an in d u s t r ia l  
c iv i l i z a t i o n  w ith  a high standard  o f  l iv in g  fo r  a l l .
Purpose o f the  Study 
The prim ary concern of t h i s  study i s  to  em p iric a lly  d eriv e  an 
e l e c t r i c i t y  c o s t fu n c tio n  so as to  note i t s  im p lica tio n s  w ith  reg a rd  to  
the e f f i c i e n t  p ro v is io n  and p r ic in g  of e l e c t r i c  se rv ic e  in  th e  U nited 
S ta te s .  I t  i s  g e n e ra lly  assumed th a t  firm s In  the  e l e c t r i c  power indus­
t r y  possess c e r ta in  s im ila r  c o s t c h a r a c te r i s t ic s  which, in  r e l a t i o n  to  
the  s iz e  of the m arket, s e t  them a p a r t  from the genera l run  o f American 
b u s in e ss .
F i r s t ,  e l e c t r i c  u t i l i t i e s  a re  f re q u e n tly  re fe r re d  to  as "n a tu ­
r a l "  m onopolies, meaning th a t  th e  n a tu ra l  r e s u l t  o f  market fo rce s  in  
the  In d u stry  i s  the development o f a monopoly o rg a n isa tio n . The argument 
i s  based on th e  c o n v ic tio n  th a t  s ig n i f ic a n t  economies of s c a le  e x is t  in  
the supply of e l e c t r i c i t y .  Given demand, a la rg e  firm  because of lower 
average c o s t could  supply th e  e n t i r e  m arket a t  a lower p r ic e  than 
se v e ra l sm aller firm s having the  same t o t a l  c a p a c ity . Com petition in
4
For a lu c id  n o n -tec h n lc a l d isc u ss io n  of a l l  a sp ec ts  o f th e  e le c ­
t r i c  power In d u stry  see Edwin Vennard, The E le c t r ic  Power Business 
(New York: McGraw-Hill Book Company, I n c . ,  1962).
t h i s  In d u s try  would be s e l f - d e s t r u c t iv e ;  e v e n tu a lly  bankruptcy o r  merger 
would leave  the  f i e l d  to  one firm . Thus, economies o f s c a le  seem to  
j u s t i f y  the  p resence o f  on ly  one optimum s l s e  producer In  a m arket.
This reason ing  lends support to  th e  w idely  h e ld  b e l ie f  th a t  a p p ro p ria te  
p u b lic  p o lic y  In the  e l e c t r i c  power In d u stry  I s  to  allow  a m onopolistic  
s u p p lie r  to  o p e ra te , su b jec ted  to  some degree of re g u la tio n  to  aaaure 
th a t  the  p u b lic  o b ta in s  the  b e n e f i ts  of w hatever lower c o s ts  a re  achieved .
Second, p roduction  and use must be sim ultaneous because e le c ­
t r i c i t y  cannot be s to re d . Enough c ap a c ity  I s  req u ire d  to  meet the 
co in c id e n t demand, o r peak lo ad , of a l l  custom ers even though th is  maxi­
mum demand on th e  system  may come only  fo r  a few m inutes o r a few hours 
a t  p e rio d ic  I n te rv a ls  o f tim e. Except fo r  peak demand p e rio d s e l e c t r i c  
u t i l i t i e s  commonly have unused c a p a c ity . The m aintenance of th is  c ap a c ity  
means th a t  e l e c t r i c  u t i l i t i e s  must make r e l a t i v e ly  g re a te r  Investm ents 
in  p la n t  and equipment than  o th e r  In d u s tr ie s ,  a requirem ent th a t  r e s u l t s  
In  a c o s t  s t ru c tu re  dominated by f ix ed  c o s ts .  D ecreasing average c o s ts  
w ith  f ix ed  system  s i t e  can be expected  s in c e  b e t t e r  u t i l i s a t i o n  of 
equipment perm its the  heavy f ix e d  c o s ts  to  be spread over a la rg e r  o u t­
p u t. J u s t  a s economies o f  s c a le  would lead  to  monopoly in  the e l e c t r i c  
power In d u s try , economies o f u t i l i s a t i o n  would a ls o  dim inish  com petition . 
In  o rd e r to  in c re a se  o ff-p eak  s a le s ,  the firm s would tend to  c u t th e i r  
p r ic e s ,  w ith  d isc r im in a tio n  o r  severe  p r ic e  wars to  the  de trim en t of 
both  companies and consumers be ing  the l ik e ly  r e s u l t .
These two c o s t c h a r a c te r i s t i c s  have Im portant Im p lica tio n s w ith  
re sp e c t to  the  m arginal c o a t p r ic in g  p ro p o sa l. Many econom ists have 
pu t fo r th  th e  n o tio n  th a t  e l e c t r i c i t y  should be p riced  a t  m arginal c o s t 
In  o rder to  achieve a s o c ia l ly  e f f i c i e n t  a l lo c a t io n  o f re so u rc e s . But
I f ,  as I t  l a  argued above, economies o f a ca la  and economies o f u t i l l e a -  
t lo n  e x la t  in  e l e c t r i c i t y  supply a p o lic y  o f p r ic in g  a t  m arginal coat 
would lead  to  In e v ita b le  lo s s e s .^  S ta te d  d i f f e r e n t ly ,  i f  the  average 
coa t fu n c tio n  la  decreaa ing  the  m arginal co a t fu n c tio n  muat l i e  below 
I t .  Thia means t h a t  the p r ic e  determ ined by the in te r s e c t io n  of the 
demand and m arginal coat curves would be le a s  than  the corresponding  
average coat and th e re fo re  i t s  use would r e s u l t  in  an economic lo s s .
T his s i tu a t io n  would re q u ire  a subsidy  i f  the  e le c t r i c  u t i l i t y  i s  to
continue in  o p e ra tio n . N ev erth e le ss , i t  has been po in ted  ou t th a t  an 
a l te rn a t iv e  to  achieve th e  same ta r g e t  o f a s o c ia l ly  e f f i c ie n t  a l lo c a ­
t io n  o f re so u rce s , w ithou t the need of a subsidy , would be th e  use of
a re g u la te d  d isc rim in a to ry  scheme c o n s is t in g  o f e i th e r  tw o-part p r ic in g , 
w ith a p e r u n i t  charge equal to  m arginal c o s t ,  o r  block p r ic in g , w ith  - 
a charge in  the  l a s t  block equaling  the same c o s t .
A secondary o b je c tiv e  o f t h i s  s tudy  i s  to  in tro d u c e , as  compact­
ly  as p o s s ib le , th e  re le v a n t economic p r in c ip le s  o f  c o s t and p r ic in g  in  
the e l e c t r i c  power in d u s try  o u tlin e d  above. I t  i s  f e l t  th a t  the  su b je c t 
has no t rece ived  an adequate trea tm en t in  most p r ic e  th eo ry  and p u b lic  
u t i l i t y  economics books. Thus, C hapter I I  w i l l  develop th e  n a tu ra l  
monopoly th e s is ,  follow ed by d isc u ss io n s  on th e  th eo ry  o f p r ic e  d isc r im i­
n a tio n , p r ic e  r e g u la tio n , and peak load p r ic in g . S pec ia l emphasis w i l l  
be p laced  on th e  goal o f a t ta in in g  an optimum a l lo c a t io n  of reso u rces 
from the p o in t o f view of so c ie ty .
The abundance of pub lished  d a ta  fo r  e l e c t r i c  u t i l i t i e s  has made
^Thls r e s u l t  ho lds w hether sh o r t  ru n  o r long run  m arginal c o s t 
p r ic in g  i s  used s in ce  economies o f  u t i l i z a t i o n  and economies o f sc a le  
denote re s p e c t iv e ly  d e c lin in g  sh o r t  run and long run  average c o s ts .
t h i s  In d u s try  s f e r t i l e  f i e ld  o f re se a rc h  fo r  econom ists In te re s te d  In  
th e  v e r i f i c a t i o n  o f  c o s t  th eo ry . Muswrous s t a t i s t i c a l  and a n a ly t ic a l  
in v e s tig a t io n s  have examined c o s ts  in  th e  e l e c t r i c  power in d u s try , 
reach in g  v a rio u s  conclusions w ith  re s p e c t  to  th e  shape of the  d i f f e r e n t  
curves ( s h o r t  run  and long ru n ) . I t  I s  the aim of C hapter I I I  to  review 
the methods and r e s u l t s  of th e se  p rev ious s tu d ie s  in  o rder to  f i r s t ,  
i l l u s t r a t e  the  com plexity  o f the  to p ic  and second, show th a t  fo r  the 
purposes a t  hand fu r th e r  work was needed in  th is  a rea  as th ese  in v e s tig a ­
tio n s  su ffe red  in  a conceptual as w e ll as in  an em p irica l sen se . A 
fundamental c r i t ic i s m  i s  th a t  th e  m a jo rity  o f the s tu d ie s  have used the 
p la n t  o r th e  g e n era to r as th e  u n i t  o f o b se rv a tio n  fo r  co a t and no t th e  
econom ically re le v a n t e n t i ty ,  th e  firm.** F irm s, not p la n ts  o r g e n e ra to rs , 
a re  re g u la te d  and i t  i s  a t  the le v e l  o f th e  firm  th a t  Investm ent and 
p r ic in g  d e c is io n s  a re  made.
C hapters IV and V c o n s t i tu te  the  core  o f  the  p re se n t work. In  
Chapter IV a new c o s t  fu n c tio n  fo r  e l e c t r i c i t y  supply i s  proposed and 
re g re ss io n  techn iques a re  u t i l i z e d  in  I t s  e s tim a tio n . A tte n tio n  la  
g iven no t on ly  to  th e  r e la t io n s h ip  of c o s t to  ou tpu t and firm  s iz e  o r 
c a p a c ity , b u t a ls o  to  the  In flu en ce  o f o th e r  f a c to r s .  In  p a r t i c u la r  
the  e f f e c ts  on c o s t o f number o f custom ers, re so u rce  p r ic e s ,  technology, 
and type of fu e l a re  in v e s tig a te d . The fu n c tio n  i s  used to  t e s t  th e  two 
th e o re t ic a l  c o s t  c h a r a c te r i s t i c s  m entioned a t  the  beginning  of t h i s  
s e c tio n , namely th a t  economies o f s c a le  and economies o f u t i l i z a t i o n  
a re  s ig n i f ic a n t  in  the  p ro v is io n  o f  e l e c t r i c i t y  o r a l t e r n a t iv e ly ,  th a t
^The e l e c t r i c  u t i l i t y  firm  in  g en era l i s  comprised of se v e ra l 
p la n ts ,  and each p la n t  in  tu rn  i s  cos^osed o f one o r more g en era tin g  
u n i ts .
In  both the  long run  and th e  sh o r t  ru n  d ecreasing  average c o s t curves 
a re  the  norm fo r  e l e c t r i c i t y  supp ly . In  a d d it io n , th e  Im p lica tio n  of 
th e  f in d in g s  v l th  regard  to  th e  p roposal o f p r ic in g  e l e c t r i c  energy a t  
m arginal c o s t - - l . e . ,  w hether o r  n o t m arginal co a t p r ic in g  w i l l  r e s u l t  
In  an economic lo s s —la  n o ted . E s s e n t ia l ly  then  th e  th ru s t  o f Chapter 
IV la  to  see to  what e x te n t economic theo ry  and p ra c t ic e  ag ree .
I t  w i l l  be argued in  C hapter V th a t  the  p r ic in g  systems c u rre n t­
ly  employed by U.S. e l e c t r i c  u t i l i t i e s  do no t adequate ly  r e f l e c t  m arginal 
coat and hence lead  to  a poor u t i l i s a t i o n  of the  economy's re so u rce s . 
Customers a re  d iv ided  In to  th re e  main groups o r c la s s e s :  r e s id e n t ia l ,
commercial, and in d u s t r ia l ,  w ith  a d i f f e r e n t  schedule of r a te s  a p p lic a ­
b le  to  each c la s s .  Furtherm ore, each r a te  schedule  u su a lly  o f fe r s  the  
in d iv id u a l customer w ith in  each c la s s  a g raduated , descending sc a le  o f 
r a te s  fo r  increm ental b locks o f s e rv ic e  tak en . An a ttem pt w i l l  be made 
to  determ ine I f  these  d i f f e r e n t  r a te s  charged to  th e  th re e  c la s s e s  of 
custom ers a re  p ro p erly  j u s t i f i e d  by v a r ia t io n s  In  c o s t ;  I f  they  a re  n o t, 
i t  can be In fe rre d  th a t  d isc r im in a tio n  la  In h e re n t In  the  p r ic in g  
p o l ic ie s  of American u t i l i t i e s .  This t e s t  Is  Im portant because d isc rim in a ­
t io n ,  u n le s s  I t  can be shown to  be o f th e  p e c u lia r  form d iscussed  
e a r l i e r - - l . e . , w ith  e i th e r  a p e r  u n i t  o r  a l a s t  b lock  charge equal to  
m arginal c o s t—promotes n e i th e r  the  most e f f i c i e n t  use o f  e x is t in g  
c a p a c itie s  nor optimum Investm ent d e c is io n s .
F in a l ly ,  C hapter VI summarises the  r e s u l t s  and draws a number 
of conclusions concerning c o s t and p r ic in g  In  the  e l e c t r i c  power Indus­
t r y .  I t  on ly  rem ains to  add th a t  th i s  study  was m otivated  by two develop­
ments: a ) the s p e c ia l  emphasis given in  th e  l a s t  few years  to  the  mar­
g in a l c o s t p r ic in g  p r in c ip le s .  I h i  ensuing  ex ce rp t from the 1966 Renort
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For maximum economic e f f ic ie n c y ,  r a t e s  should be r e la te d  to  c o s ts , 
bu t no t to  an a r b i t r a r y  a l lo c a t io n  of c o s ts .  . . . "C o st-o rien ted  
r a te s "  In  the tru e  economic sense a re  r e la te d  to  the  econom ist's  
concept o f m arginal c o s t ,  . . .  In  o rder to  ensure e f f ic ie n c y , 
m arg inal, r a th e r  than  average , co st should be the  p r ln c lp s l  re g u la ­
to ry  c r i t e r io n  In a p p lic a tio n s  fo r  r a te  re d u c tio n s . . . . where 
com petition  and new technology d ic ta te  r a t e  re d u c tio n s , com petitive 
r a te s  could be lowered to  the  le v e l o f m erginal c o s t ; '
b) the  renewed general p u b lic  ln te r e a t  expressed  re c e n tly  on the Issue of
p r ic e  d isc r im in a tio n . N otice the  two fo llow ing  sta tem en ts:
U t i l i t y  r a te  s t ru c tu re s  vary  from s t a te  to  s t a t e ,  but ty p ic a l ly  a 
poor person who does n o t use much e l e c t r i c i t y ,  who does no t care  
w hether h is  l in e  i s  underground or above ground, who l iv e s  In  a con­
gested  area  where c o s t o f se rv ic e  i s  low, pays th re e  tim es as much 
per k ilo w a tt-h o u r a s  an In d u stry  which I s  c re a tin g  both  p o llu tio n  
and energy supply problem s. And the  poor person ty p ic a l ly  pays tw ice 
as much as the  a ir -c o n d itio n e d  suburban homeowner who Is  demanding 
underground l i n e s .8
The new Issu es being  ra is e d  a t  h e a r ln g s - - ls s u e s  such as w hether 
bu sin ess  and In d u stry  should pay le s s  fo r  e le c t r i c  se rv ic e  than  r e s i ­
d e n tia l  u s e rs —have led  to  a demand in  the  re g u la to ry  commlsalons fo r  
econom ists, accoun tan ts and a c tu a r ie s ,  and tr ig g e re d  a g en era l growth 
o f th e  commissions them selves.
I t  I s  hoped th a t  the f in d in g s  o f t h i s  in v e s tig a t io n  w i l l  shed some l ig h t  
on th ese  Im portant to p ic s  which a t t r a c t  th e  a t te n t io n  n o t only  of econ­
om ists bu t o f so c ie ty  a s  a whole.
Method o f In v e s t ig a tio n  
Before proceeding to  the  main body of the  paper a few methodol­
o g ic a l comments a re  In  o rd e r . In  genera l th e re  a re  two d i s t in c t  approaches
^U.S. Council o f Economic A d v ise rs , Annual Report (W ashington,
D.C.: U.S. Government P r in t in g  O ffic e , 1966), p . 127.
8
Senator le e  M etcalf (D. M ont.) as quoted In the  W ashington P o s t. 
Aug. 20, 1972, Parade s e c . ,  p . 12.
9
Ken R ln g le , "S ta te s  Tougher on U t i l i t i e s , "  W ashington P o s t .
O ct. 1, 1972, se c . E, p . 2 .
co Che study of coec funcclone, che analytical and cha aCaClsclcal tech­
niques. Evan Chough boch are valid, Cha choice of procedure dependa on 
Cha objective In mind.
The analyCleal approach, uaed moacly by englnaera, conalaca of 
an ax anca InvesCigaClon of Cha may coaCa should behave. Engineering 
or Cechnologlcal conslderaClone are used Co selecc Che approprlaCe 
variables and Co decermine Chelr effects on cost. Examples of the use 
of this technique can be found In the planning and design of plants, 
machinery, and other capital goods. The analytical or engineering ap­
proach attempts more Co explain the coat function— that Is, why are 
costs Incurred and how do they behave given a change In Che relevant 
variables— than to Indicate Che cost.
The statistical approach, employed mostly by economists, In­
volves an ex post Investigation where historical cost data are corre­
lated with output, capacity, resource prices, and other a priori 
selected variables, with the ultimate objective of deriving a function 
that reflects the way costs b e h a v e . T h e  fundamental tool of this 
approach is multiple regression, a technique that permits not only the 
establishment of the relationship between cost and the several chosen 
factors but also the testing of whether such a relationship Is statis­
tically significant.
In  s p i te  o f the  conceptual d if fe re n c e s  th a t  e x is t  between th e  
a n a ly t ic a l  and s t a t i s t i c a l  approaches they  e re  complementary in  th a t  
both a re  used In th e  search  fo r  coat fu n c tio n s . One technique can be
^ A lthough  econom ists have t r a d i t io n a l ly  p re fe r re d  th e  s t a t i s t i c a l  
approach, some have used th e  a n a ly t ic a l  tech n iq u e . Cost s tu d ie s  o f e le c ­
t r i c i t y  using  each of these  approaches w i l l  be reviewed In Chapter I I I .
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used to  supplement and cback upon the  o th e r . S p e c if ic a l ly ,  eng ineering  
knowledge can be used as a b a s is  fo r  the  s e le c tio n  of the ap p ro p ria te  
v a r ia b le s  fo r  the  fu n c tio n  w hile  num erical e s tim a te s  of the  param eters 
can be derived  from economic s t a t i s t i c s  as w ell as  from eng ineering  
d a ta .  An id e a l c o s t e s tim a tio n  study  should , i f  p o s s ib le , include 
e q u e lly  both m ethods--the  a n a ly t ic a l  o r ex an te  to  see how c o s ts  should 
behave and th e  s t a t i s t i c a l  o r ex p o st to  see how they  a c tu a l ly  behave. 
However, fo r  the  most p a r t  the  s t a t i s t i c a l  approach is  u t i l i z e d  in  the 
p re se n t work. The reason  fo r  emphasizing th i s  technique is  th a t  i t  is  
the  on ly  one v a l id  fo r  h ypo thesis  t e s t in g .  Even i f  the  eng ineer claim s 
th a t  c o s ts  should behave in  a c e r ta in  way on the b a s is  of tech n o lo g ica l 
c o n s id e ra tio n s  underly ing  th e  p roduction  fu n c tio n , only h i s to r ic a l  or 
ex p o s t da ta  can be used to  t e s t  w hether co s ts  a c tu a l ly  behaved in  th a t  
fa sh io n .
CHAPTER I I
ECONOMIC PRINCIPLES OF ELECTRICITY COST AND PRICING
I t  has been sa id  th a t  "a person  observing the  r e a l  world of 
economic phenomena i s  confron ted  w ith  a mass o f d a ta  th a t  i s ,  a t  l e a s t  
s u p e r f ic ia l ly ,  m eaningless. In  o rder to  d iscover o rder in  th is  morass 
o f  f a c ts  and to  arrange them in  a m eaningful way, I t  i s  necessa ry  to
i
develop th e o r ie s  . . I t  i s  p re c is e ly  the o b je c tiv e  o f t h i s  chap ter 
to  c o n s id e r , as compactly a s  p o s s ib le , th e  th e o r ie s  th a t  have been 
developed to  ex p la in  c o s t and p r ic in g  In  th e  e l e c t r i c  power in d u s try .
The s u b je c t ,  In  the  a u th o r 's  judgment, has no t rece iv ed  an adequate 
trea tm en t in  the  m a jo rity  o f p r ic e  theo ry  and p u b lic  u t i l i t y  economics 
books.
The n a tu ra l monopoly argum ent, i . e . ,  th e  economic j u s t i f i c a t io n  
fo r  having only  one s u p p lie r  o f e l e c t r i c i t y  in  a p a r t i c u la r  m arket, i s  
examined f i r s t .  The p r in c ip le s  o f p r ic e  d isc r im in a tio n  and p r ic e  regu­
l a t io n  fo llo w , re s p e c t iv e ly , in  th e  n ex t two s e c t io n s .  The main th e s is  
o f the  se c tio n s  i s  th a t  in  o rder to  a t t a i n  th e  goal o f a s o c ia l ly  
optimum a l lo c a t io n  of re so u rc e s , e l e c t r i c i t y  should be p riced  a t  m arginal 
c o s t ,  even though th is  may lead  to  lo s se s  fo r  the  in d iv id u a l f irm s . The 
types o f d isc rim in a to ry  schemes th a t  can be p r a c t ic a l ly  used by e l e c t r i c  
u t i l i t i e s ,  i f  u n c o n tro lle d , w i l l  p robably  produce an o u tp u t la rg e r  than
I C. E . Ferguson, Microeconomic Theory (Homewood, 111 .: R ichard
D. Irw in , I n c . ,  1966), p . 4 .
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under sim ple monopoly bu t le s s  then under average c o s t and thus m arginal 
c o s t  p r ic in g . However, under re g u la tio n , r a te  d isc r im in a tio n  can no t
only y ie ld  th e  s o c ia l ly  optimum o u tp u t, b u t even more Im portan t, I t
can do so w ithou t the  d e f i c i t  th a t  accompanies m arginal c o s t p r ic in g . 
F in a l ly ,  a lthough i t  la  n o t d i r e c t ly  r e la te d  to  th e  em p irica l r e s u l ts
of t h i s  s tu d y , the  peak load p r ic in g  problem Is  considered  in  the l a s t
s e c t io n . I t s  Im p lica tio n s  w ith  re sp e c t to  a more e f f i c ie n t  p r ic e  
policy**-which must aw ait the  fu r th e r  d isc u ss io n  on c o s t in  the two sub­
sequent c h a p te rs—are  p resen ted  In  Chapter V.
The method of e x p o s itio n  c o n s is ts  o f I n i t i a l l y  s t a t in g  and 
I l l u s t r a t i n g  the  v a rio u s  p r in c ip le s  u t i l i z i n g  sim ple c a se s , I . e . ,  w ith  
l in e a r  demand fu n c tio n s , ig n o rin g  c o s ts  so th a t  m axim ization of p r o f i t  
Is  eq u iv a le n t to  m axim ization of revenue, e t c . .  Bach i s  follow ed by a 
sunmary o f the  r e s u l t s  in  the  more g en era l o r complex s i tu a t io n s ,  to ­
g e th e r w ith  a c i t a t i o n  of the  source where a comprehensive a n a ly s is  i s  
c a r r ie d  out and the  p roo fs developed.
The N a tu ra l Monopoly T hesis 
Since com petition  among e le c t r i c  u t i l i t i e s  i s  unworkable and 
would e v en tu a lly  lead  to  the  development of monopoly, e l e c t r i c  u t i l i t i e s  
a re  r e f e r r e d  to  as " n a tu ra l"  m onopolies. T heir o u ts tan d in g  economic 
c h a r a c te r i s t i c  i s  th a t  they opera te  a t  g re a te s t  e f f ic ie n c y  when being 
the  so le  su p p lie rs  in  p a r t i c u la r  m arkets . S ig n if ic a n t  arguments have 
been advanced to  defend t h i s  unique r e s u l t .
F i r s t ,  th e re  a re  unden iab le  space l im i ta t io n s  which lab o r a g a in s t 
th e  m aintenance of com petition  in  th e  e l e c t r i c  power in d u s try . Overhead 
power l in e s  a re  u n s ig h tly  a t  b e s t ,  and i f  a community were served  by
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se v e ra l companies th e  a a a th a tlc  o ffen se  would be u n n acaaaarlly  m agnified . 
Underground condu ita  and cab lea  occupy choice  a i te a  in  m e tro p o litan  
a re a s .  I t  I s  n o t hard  to  Imagine the  many o b s tru c tio n a  th a t  would a r i s e
from an unnecessary  d u p lic a tio n  o f u t i l i t y  company f a c i l i t i e s —to rn
2
s t r e e t s ,  t r a f f i c  jam s, and so  on. Second, s tro n g  economic reasons 
a r i s in g  from the coo t of e s ta b l is h in g  an e f f i c i e n t  p roduction  firm  in  
r e l a t i o n  to  the s iz e  of th e  m arket, namely economies of sc a le  and econo­
mies of u t i l i s a t i o n ,  a ls o  suppo rt the n a tu ra l  monopoly th e s i s .
As noted In  C hapter 1 , the  economies o f la rg e  s c a le  p roduction  
in  the  e l e c t r i c  power In d u s try  a re  so g re a t t h a t ,  o th e r  th in g s  eq u a l, 
th e  la rg e r  th e  firm  th e  lower a re  u n i t  c o s ts  o f p ro d u c tio n . A firm  
using  a sm all p la n t  would n o t be ab le  to  compete w ith  a firm  using  a
3
la rg e  p la n t .  Furtherm ore, assuming th a t  th e  s iz e  Is  f ix e d , average 
c o s ts  of p roduction  f a l l  a s  ou tpu t in c re a se s  because e l e c t r i c  u t i l i t i e s
4
have v e ry  h igh  f ix e d  c o s ts  and r e l a t i v e ly  low v a r ia b le  c o s ts .  The 
supp ly  o f  e l e c t r i c i t y  no t on ly  re q u ire s  expensive sp e c ia liz e d  c a p i ta l  
equipment b u t a ls o  e l e c t r i c  u t i l i t i e s  must m ain ta in  e x tra  cap a c ity  o r
2
Although norm ally r e fe r re d  to  as a p h y sica l and a e s th e t ic  o ffense  
th a t  can be avoided w ith  monopoly—a p ra c t ic e  follow ed h e re —excess dup­
l i c a t i o n  o f u t i l i t y  company f a c i l i t i e s  I s  an economic problem in  th e  area 
o f e x te r n a l i t i e s .  In  th i s  re s p e c t  c o n su lt Harold Demsetz, "Why Regulate 
U t i l i t i e s ? "  Jo u rn a l of Law and Economics (A p r il , 1968), pp. 62-63.
3
The more th an  quadruple in c re ase  In  average e l e c t r i c  p la n t  s iz e  
between 1947 and 1967 has r e s u l te d  In  lower u n i t  c o s ts  o f  p ro d u c tio n .
See U .S. F ed e ra l Power Conm lsslon, S team -E lec tric  P la n t C o n stru c tio n  
f ig ! t ao£ ABBlfil ProflMfctlgB Expenses t T V entv -F irst A m s j  gypplepjept -  
1968 (W ashington, D .C.: U .S . Government P r in tin g  O ff ic e , 1969), p . XXI.
With no s iz e  l im i ta t io n  y e t  In  s ig h t ,  th e  tren d  toward la rg e r  p la n t  
c a p a c i t ie s  la  expected  to  con tinue  through 1980.
A
"About 77 p e rcen t o f th e  t o t a l  c o a ts  o f p rov id ing  e l e c t r i c  a e r-  
v lc e  a re  f ix ed  c o s ts ;  the  rem ainlng 23 p e rcen t a re  v a r ia b le  c o s ts ."  
Vennard, The E le c t r ic  Powe r  B u sin ess , pp. 216-217.
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equipment In  o rder to  s a t i s f y  the  pssk  d m n d  on th s  syatsm . Ih s  unussd 
c ap a c ity  th a t  r e s u l t s  during  o ff-p eak  periods g ives e l e c t r i c  u t i l i t i e s  
an in ce n tiv e  to  lower t h e i r  p r ic e s  In  o rder to  Increase  s a l e s .  Thus 
economies o f u t i l i z a t i o n  a ls o  tend to  make com petition  u n s ta b le  in  the 
e l e c t r i c  power In d u s try .
To r e c a p i tu la te ,  th e  p re ssu re s  fo r  In c reas in g  o u tp u t and th e re ­
by d im inish  c o s ts , both in  the  sh o rt ru n  and in  th e  long ru n , a re  so 
g re a t th a t  every e f f o r t  would be made by firm s to  u n d e rse ll  r iv a l s  u n t i l  
a l l  com petition  had f in a l ly  d isap p ea red . B esides the  p r a c t ic a l  and 
a e s th e t ic  rea so n s , two com pelling economic arguments were g iven  fo r  the 
support of monopoly in  the  e l e c t r i c  power in d u s try : (a )  Because economies
of sc a le  a re  ve ry  s ig n i f ic a n t ,  the f i rm 's  long run  average c o s t curve 
d e c lin e s  over a wide range o f o u tp u t. Given m arket demand, the  ach iev ­
ing  o f low u n i t  c o s ts  and th e re fo re  low u n i t  p r ic e s  fo r  consumers depends 
upon the e x is te n ce  o f only one firm , (b ) Because of heavy fix ed  c o s ts ,  
the  f i rm 's  sh o rt run  average c o s t curve decreases  w ith  o u tp u t. While 
one e l e c t r i c i t y  su p p lie r  could take advantage o f economies o f u t i l i z a t i o n ,  
the  presence of a number o f  firm s would d iv id e  the  t o t a l  market and r e ­
duce the  s a le s  o f each com petito r. Each e l e c t r i c  u t i l i t y  would be 
pushed back up i t s  d e c lin in g  average c o s t cu rv e . Firms would under­
u t  i l i z e  t h e i r  f ix ed  c a p a c i t ie s ,  w ith  th e  consequence th a t  u n i t  c o s ts  and 
th e re fo re  e l e c t r i c i t y  r a te s  would n e c e s s a r ily  be h ig h .
These f in d in g s  a re  i l l u s t r a t e d  in  F igure  2 -1 . The demand (D) 
and m arginal revenue (MR) curves faced  by a ty p ic a l  e l e c t r i c  u t i l i t y  
to g e th e r  w ith  i t s  c o s t curves a re  ahown. Mote the  shape o f  both  the  
sh o r t tu n  (SAC) and long ru n  (LAC) average c o s t cu rv es, the l a t t e r  being 
com patible w ith  a homogeneous p roduction  fu n c tio n  o f degree g re a te r  than
15
on*. Long run  e q u ilib riu m  re q u ire s  th a t  m argins 1 revenue be equal to  
long run  m arginal c o a t (IMC) and a ls o  to  sh o r t  run  m arginal co a t (SMC). 













MONOPOLY COSTS AHD PRICING
th e  a p p ro p ria te  sc a le  o r c a p a c ity  la  rep re se n te d  by SACj* Suppose now 
th a t  ano ther e l e c t r i c  u t i l i t y  l a  e s ta b lis h e d  In  the community and th a t  
the  two firm s agree  to  share  the  m arket e q u a lly . That l a ,  a t  each pos­
s ib le  p r ic e ,  each w i l l  take  o n e -h a lf  th e  m arket demand. Thus, th e  demand 
curve fac in g  each of the  u t i l i t i e s  i s  g iven  by MR •  %D, and th e  a s s o c i­
a te d  m arginal revenue curve i s  g iven  by ^4R. F in a lly ,  assume th a t  the 
two firm s have id e n t ic a l  c o s t cu rv es. Each w i l l  now be of sm aller 
sc a le  SAC^, produce an o u tp u t q t , and charge a p r ic e  Pt . This p r ic e  i s
^ In  r e a l i t y  e l e c t r i c  u t i l i t i e s  do n o t fo llow  a p o lic y  o f  uniform  
p r ic in g  b u t charge d i f f e r e n t  p r ic e s  fo r  e l e c t r i c i t y  in  d i f f e r e n t  mar­
k e t s .  .T h is  p r a c t ic e ,  as exp la ined  in  Chapter I ,  may give r i s e  to  
p r ic e  d is c r im in a tio n , a su b je c t tr e a te d  in  the  next s e c t io n .
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h ig h er th en  th e  o r ig in a l ,  end so the  conauxaer i e  worse o f f  w ith o u t monop­
o ly  then  w ith  i t .
Price Discrimination
From th e  v iew poin t o f economics, i t  can be sa id  th a t  a s e l l e r  
p ra c t ic e s  p r ic e  d isc r im in a tio n  i f  th e  p r ic e s  he charges fo r  the v a rio u s  
u n i ts  o f h is  p roduct o r p roducts a re  no t p ro p o rtio n a l to  the  co a ts  o f 
p rov id ing  the u n i ts  so ld . S ta ted  d i f f e r e n t ly ,  d isc r im in a tio n  occurs 
when r a te s  a re  based upon v a r ia t io n s  in  demand, r a th e r  than  v a r ia t io n s  
in  c o s ts .  This p r a c t ic e ,  u n le ss  re g u la te d , in c re a se s  the  p r o f i t s  of any 
m onopolist and leads to  a m ia a llo c a tio n  o f  re s o u rc e s . In  g en era l th re e  
d i f f e r e n t  degrees of p r ic e  d isc r im in a tio n  can be Id e n t i f ie d :
A f i r s t  degree d isc r im in a tio n  would involve th e  charge of a 
d i f f e r e n t  p r ic e  a g a in s t a l l  th e  d i f f e r e n t  u n i ts  o f commodity, in  
such w ise th a t  the  p r ic e  exacted  fo r  each was equal to  th e  demand 
p r ic e  fo r  i t ,  and no consum ers' su rp lu s  was l e f t  to  the  b u y e rs . A 
second degree would o b ta in  i f  a m onopolist were a b le  to  make n  sep­
a ra te  p r ic e s ,  in  such w ise t h a t  a l l  u n i ts  w ith  a demand p r ic e  g re a te r  
than  x were so ld  a t  a p r ic e  x , a l l  w ith  a demand p r ic e  l e s s  th an  x 
and g re a te r  than  y a t  a p r ic e  y , and so on. A th i r d  degree would 
o b ta in  i f  th e  m onopolist were ab le  to  d is t in g u is h  among h i s  custom ers 
n d i f f e r e n t  g roups, sep a ra ted  from one ano ther more o r l e s s  by some 
p r a c t ic a l  mark, and could charge a se p a ra te  monopoly p r ic e  to  the  
members o f each group.®
TWo co n d itio n s  a re  n ecessa ry  fo r  th i r d  degree d is c r im in a tio n .^  
F i r s t ,  the  m onopolist must be a b le  to  keep the  m arkets s e p a ra te . I f  he 
canno t, h is  p roduct w i l l  be purchased in  th e  lower p r ic e  m arket (assum­
ing  a two m arket s i tu a t io n )  and re so ld  In  th e  m arket w ith  the  h ig h er
*A. C. F igou, The Economics of W elfare (4 th  e d .;  London: Macmillan
and C o., L td . ,  1950), p . 279.
7
The theo ry  o f  t h i s  type o f  d is c r im in a tio n  was developed by Joan 
Robinson in  her Economics o f  TT f Compet i t i on (London; M acmillan 
and C o., L td .,  1933), pp . 179-206. The d isc u ss io n  above i s  a summary 
e x p o s itio n  o f  her r e s u l t s .
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p r ic e .  E v en tu a lly  th e  p r lc e e  In  the  two m arkets w i l l  become e q u a l. 
Second, th e  e l a a t l d t y  o f  demand (e )  a t  each p r ic e  le v e l  (7) most d i f f e r  
between th e  two m arketa . Igno ring  coata  fo r  a moment, th e  m onopolist 
w i l l  always be ab le  to  Increaae  p r o f i t s  by s e l l in g  an a d d itio n a l u n i t  
in  the  m arket w ith  the  h ig h e r m arginal revenue (MR). This im p lies th a t  
he should d i s t r ib u te  h is  ou tpu t between the  two m arkets in  such a way 
th a t  m arginal revenue la  eq u a liz ed , I . e . ,  p r o f i t  m axim ization re q u ire s  
th a t
MRi -  P j ( l  -  1 /e t f  -  MR2 -  P2<1 " l /®2>
where the  su b s c r ip ts  1 and 2 r e f e r  to  th e  two d i s t i n c t  m arkets . I f  the  
e l a s t i c i t i e s  of demand a r e  th e  same In  the  m arkets , « P2 and so th e re  
Is  no p r ic e  d isc r im in a tio n .
Adding c o s ts  to  the  a n a ly s is , th e  t o t a l  ou tpu t under th i r d  degree 
d isc r im in a tio n  i s  determ ined by equating  the  m arginal c o s t o f the whole
j
ou tpu t (MC) w ith  aggregate  m arginal revenue (AMR) and th e re fo re  w ith 
th e  m arginal revenue in  each m arket, i . e . ,  MC "  AMR "  MRj *» MR2 . The 
AMR curve i s  ob ta ined  by summing h o r iz o n ta l ly  MR̂  and MR2 . F igure  2-2 
d e p ic ts  th ese  r e s u l t s  and compares them w ith  those  of uniform  o r  sim ple 
monopoly p r ic in g . and D2 a re  the  demand curves in  the  two m arkets 
and SAR ■ AD i s  th e  sim ple m o n o p o lis t 's  average revenue o r aggregate 
demand (h o r iz o n ta l  sunanatlon of and D2) . SMR is  the  m arginal curve 
to  AD o r sim ple m o n o p o lis t 's  m arginal revenue. I t  co in c id es w ith  AMR 
except fo r  a sm all t r ia n g u la r  p a r t .  EAR i s  the average revenue curve 
o f th e  d isc r im in a tin g  m onopolist and g iven  AMR and SMR, i t  must l i e  above 
SAR -  AD.
In  o rder to  maximize p r o f i t s  the  sim ple m onopolist w i l l  produce
ou tpu t q| t  a t  which MC ■ SMR. He w il l  charge a uniform  p r ic e  Pa s e l l in g  
q^a In  th e  f l r 8t  market and q28 In  the  second. The th i r d  degree d i s ­
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FIGURE 2-2
THIRD DEGREE DISCRIMINATION AND SIMPLE MONOPOLY PRICING
Q
1*2 1° m arkets 1 and 2 re s p e c t iv e ly . The corresponding  q u a n ti t ie s  so ld  
a re  q^d and qg^. In  r e la t io n  to  the  sim ple m onopo list, th e  d isc r im in a t­
ing one earn s a g re a te r  p r o f i t  by charg ing  a h ig h e r p r ic e  and s e l l in g
a sm a lle r amount In  the  m arket whose demand la  le s s  e l a s t i c  a t  P (m arkets
2) and charg ing  a lower p r ic e  and s e l l in g  a g re a te r  amount in  the  market
whose demand a t  P i s  more e l a s t i c  (m arket 1 ) .  A la rg e r  p r o f i t  i s  ob-8
v lous s in ce  a t  th e  eq u ilib riu m  t o t a l  o u tp u t, th e  d if fe re n c e  between
Q
The t o t a l  o u tp u ts  under th i r d  degree d is c r im in a tio n  ( q . )  and 
sim ple monopoly (qs ) a re  the  same in  t h i s  example because o f the  use of 
s t r a ig h t  l in e  demands and th e  a b i l i t y  o f  the  m onopolist to  se rve  both 
m arkets under uniform  p r ic in g .
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average revenue and th e  common average c o s t  (AC) le  g re a te r  fo r  th e  
d isc r im in a tin g  m onopolist than  fo r  th e  sim ple m onopo list.
A d e ta i le d  comparison o f sim ple monopoly and th i r d  degree d i s ­
c rim in a tio n , u s in g  the type o f a n a ly s is  i l l u s t r a t e d  above, le a d s  to  the  
fo llow ing  co nclu sions:
(a )  t o t a l  ou tpu t i s  la rg e r  under th e  l a t t e r  when n e i th e r  market 
can be served under uniform  monopoly p r ic in g  b u t both can under th ird  
degree d is c r im in a tio n . This s i tu a t io n  may a r i s e  i f  the  long run  average 
c o s t curve l i e s  above the aggregate  demand curve throughout the  range
of p o ss ib le  o u tp u ts  but below th e  d isc r im in a tin g  average revenue curve 
fo r  some o u tp u ts . Under uniform  p r ic in g  th e  m onopolist would s u f f e r  
lo sse s  b u t under th i r d  degree d is c r im in a tio n  he could e i th e r  break  even 
o r make a p r o f i t .  Hence, ou tpu t under d isc r im in a tio n  would be g re a te r
Q
by the  f u l l  amount of the f i rm 's  o u tp u t;
(b ) w ith  two m arkets, t o t a l  ou tpu t i s  always la rg e r  under th ird  
degree d isc r im in a tio n  when only  the  m arket w ith  th e  le s s  e l a s t i c  demand 
can be served under uniform  monopoly p r ic in g  b u t both m arkets can be 
served  under th i r d  degree d is c r im in a tio n . 10 Furtherm ore, i f  m arginal 
c o s t  i s  e i th e r  c o n s tan t o r  f a l l in g  the  d isc r im in a tin g  m onopolist w i l l  
charge re s p e c tiv e ly  the  same o r a lower p r ic e  th an  th e  sim ple m onopolist 
in  the  common m arket. In  th i s  c a se , and a ls o  in  (a) above, th i r d  degree 
d isc r im in a tio n  i s  c le a r ly  b e n e f ic ia l  in  th a t  i t  y ie ld s  a la rg e r  ou tpu t 
and th e  same or lower p r ic e s  to  some o r a l l  custom ers, w ith  h ig h e r p r ic e s  
to  none; 11
9Robinaon, Ecoponlsf. <g£ Imperfect C om petition, p . 203.
10I b i d . ,  p p . 189-190.
U I b id . ,  pp . 204-205.
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(c) i f  both m arkets can be served  under uniform  monopoly and
th ird  degree d isc rim in a to ry  p r ic in g , i t  can be proved th a t
. . . t o t a l  ou tpu t under d isc r im in a tio n  w i l l  be g re a te r  or le s s  
th an  under sim ple monopoly acco rd ing  a s  the more e l a s t i c  of the 
demand curves in  the  se p a ra te  m arkets i s  more o r le a s  concave 
than  the le s s  e l a s t i c  demand curve; and th a t  th e  t o t a l  output w il l  
be the same I f  the  demand curves a re  s t r a ig h t  l in e s ,  o r Indeed in  
any o th e r case in  which the  c o n c a v itie s  a re  eq u a l.
The s t r a ig h t  l in e  demand case i s  the  one p ic tu re d  in  F igu re  2 -2 ;
(d) when th re e  or more m arkets a re  considered , the  f a c t  th a t  a
g re a te r  number are  served under th i rd  degree d isc r im in a tio n  than  under
uniform  monopoly p r ic in g  does n o t n e c e s s a r ily  mean th a t  ou tpu t i s  la rg e r
under th e  form er. The shapes and p o s it io n s  of th e  demand curves in  the
se v e ra l m arkets determ ine which type of p r ic in g  w i l l  y ie ld  the  la rg e r  
13o u tp u t. ■'
The theo ry  o f th ird  degree d isc r im in a tio n  can be used to  r a t io n ­
a l iz e  p a r t i a l l y  p r ic in g  by e l e c t r i c  u t i l i t i e s .  The companies e re  ab le  
to  d iv id e  custom ers in to  th re e  main groups o r c la s s e s :  r e s id e n t ia l ,
commercial, and in d u s t r ia l .  Moreover, the  e l a s t i c i t y  of demand in c re ases  
when moving acro ss  these  groups in  th a t  o rd e r . I n d u s t r ia l  demand Is  
more e l a s t i c  than  conm erclal o r r e s id e n t ia l  demands r e f le c t in g  th e  f a c t  
th a t  in d u s t r ia l  customers may f in d  i t  p o ss ib le  n o t only  to  use s u b s t i ­
tu te  sources o f energy bu t to  genera te  th e i r  own e l e c t r i c i t y .  Thus, i t  
i s  argued th a t  th is  ex p la in s why th e  r a te s  charged by th e  u t i l i t i e s  in  
g enera l decrease  when moving from r e s id e n t ia l  to  commercial to  In d u s tr ia l  
custom ers.
12I b id . ,  p . 190.
13Merton H. M ille r , "P ric e  D isc rim ina tion  in  the  Railway In d u stry "  
(unpublished  Ph.D. d i s s e r t a t io n ,  Johns Hopkins U n iv e rs ity , 1952), pp. 
140-142.
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But e l e c t r i c  u t i l i t i e s  do n o t Impose a s in g le  and d i f f e r e n t  r a te  
to  each c la s s  h u t a schedule of r a t e s .  The r a t e  schedule a p p lic a b le  
to  each c la s s  u su a lly  o f fe r s  th e  in d iv id u a l custom er In  i t  a g raduated , 
descending sc a le  o f p r ic e s  fo r  Increm ental b locks of se rv ic e  taken .
For example, a ty p ic a l  monthly r a te  schedule fo r  r e s id e n t ia l  custom ers 
i s  as fo llow s: the  f i r s t  20 k ilo w a tt-h o u rs , 6$ p e r k ilo w a tt-h o u r; the
n ex t 50 k ilo w a tt-h o u rs , 5$ per k ilo w at-h o u r; the next 130 k ilo w a tt-  
hou rs, 3C per k ilo w a tt-h o u r; and over 200 k ilo w a tt-h o u rs , 1 .5c p e r^ k ilo ­
w a tt -h o u r. This type of p r ic in g  c o n s t i tu te s  b lock  or second degree 
d i s c r im in a t io n .^
F igure 2-3 i l l u s t r a t e s  th is  s o r t  o f d isc r im in a tio n  fo r  a monopo­
l i s t  w ith  zero  m arginal c o s ts  and lim ite d  to  charging  th re e  d i f f e r e n t  
p r ic e s  in  a market whose demand i s  rep re se n te d  by the s t r a ig h t  l in e  PQ.
The m onopolist w i l l  levy  p r ic e s  OP  ̂ -  <3 /4 )OP fo r  ou tpu t OQj, 0P2 -  %QP 
fo r  ou tpu t QjQ2 , and OP3 -  fcOP fo r  ou tpu t Q2Q3 (°Qi> QjQ2 » and Q2Qg 
each equals %0Q) which maximize t o t a l  revenue TR -  + QiAjX2Q2 +
Q2A2X3Q3 su b je c t to  th e  co n d itio n  th a t  OP  ̂>  OP2 >  OP3, and th a t  each 
p a i r  o f p r ic e -o u tp u t p o in ts  i s  on the demand l i n e .  Note th a t  th e  sim ple 
monopoly p r ic e  in  th is  case i s  0P2 and th a t  the  corresponding ou tpu t 
OQ2 i s  le s s  th an  OQ3 , the  t o t a l  ou tpu t achieved under b lock  d isc rim in a ­
t io n .  In  term s of the m arginal co n d itio n s  fo r  t o t a l  revenue m axim ization, 
OP  ̂ must be s e t  a t  the  ou tpu t a t  which m arginal revenue 3 i s  equal to  
th e  m arginal c o s t o f t o t a l  o u tp u t; OP2 a t  the  ou tpu t a t  which m arginal
14The theo ry  o f th i s  k ind  o f d isc r im in a tio n  was developed by Ralph 
K irby Davidson in  h i s  f r lg f .  D isc rim ina tion  S e llin g  £ u  jn g  E le c t r i c ­
i ty  (B a ltis io re : Johns Hopkins P re s s , 1955), pp. 27-37. The d isc u ss io n
above aunuarizes h is  f in d in g s .
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revenue 2 Is  equal to  OP^; and OP  ̂ a t  th e  ou tpu t a t  which m arginal re v e ­
nue 1 i s  equal to  OP2 .
Hencet w ith  a th re e  p r ic e  schedule and under co n d itio n s  of zero  
m arginal co s ts  and a s t r a ig h t  l in e  demand, " th e  p r ic e s  a re  e q u id is ta n t  
from each o th e r  and th e  b locks of ou tpu t a sso c ia te d  w ith  each p r ic e  a re  
equal to  each o th e r  and equal to  o n e -fo u rth  o f  the  t o t a l  amount the 
consumers would buy i f  a uniform  p r ic e  equal to  m arginal c o s t  were s e t . "  
For n p r ic e s  under the  same c o n d itio n s , "every b lock  w i l l  be o f  equal 
s iz e  and equal to  l / ( n f l )  tim es the q u a n tity  bought a t  a uniform  p r ic e
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equal to  m arginal c o a t ."* 5 A a lm lla r  type of a n a ly s is  can be ueed to  
f in d  th e  s in g le  schedule o f r a te s  th a t  maximises to ta l  p r o f i t  fo r  a 
m onopolist w ith  nonzero m arg inal c o s ts  and fac in g  a curved demand 
fu n c tio n  from e i th e r  a c la s s  o f custom ers o r  the  market as a whole.
Assuming th a t  th e  market I s  composed of th re e  d i f f e r e n t  k inds 
of consumers, i t  can be shown th a t  ou tpu t w il l  be la rg e s t  I f  the  monop­
o l i s t  u ses e i th e r  b lock  p r ic in g  w ith  one r a te  schedule fo r  a l l  custom ers 
(second degree d isc rim in a tio n ) o r block p r ic in g  w ith  sep ara te  r a t e  sche­
d u les  fo r  the v a rio u s  c la s s e s  (second and th ird  degree d isc r im in a tio n  
combined). I f  the  th re e  k inds of consumers can be served under a s in g le  
r a te  schedu le , ou tpu t w i l l  be la r g e s t  under th e  form er p r ic in g  p o lic y . 
Output w i l l  be the  sm a lle s t when e i th e r  th i r d  degree d isc r im in a tio n  or 
sim ple monopoly p r ic in g  i s  u sed . The la rg e s t  p r o f i t  w i l l  be ob tained  
under a com bination o f second and th ird  degree d isc r im in a tio n , follow ed 
by second degree d is c r im in a tio n , th i r d  degree d isc r im in a tio n , and s in g le  
monopoly p r ic in g .* ^
A com bination of second and th i r d  degree d isc r im in a tio n , as 
presum ably p ra c tic e d  by e l e c t r i c  u t i l i t i e s ,  can be advantageous i f  I t  
y ie ld s  a la rg e r  ou tpu t and lower p r ic e s  fo r  some o r a l l  custom ers, w ith  
h ig h e r p r ic e s  to  none. This k ind  of s i tu a t io n  c le a r ly  occurs when the  
long run  average co s t curve l i e s  above aggregate  demand b u t below the 
average revenue curve r e s u l t in g  on ly  from combined second and th ird
15I b i d . ,  p . 31.
*6For a p roof of th e se  r e s u l t s  see I b id . ,  pp. 44-59. With no 
r e g u la tio n , th e  ou tpu t achieved  under any o f  th ese  methods i s  g e n e ra lly  
le s s  th an  th a t  ob tained  through m arginal c o s t p r ic in g . This type of 
p r ic in g  I s  exp la ined  in  th e  nex t s e c tio n  of th i s  c h ap te r .
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degree d isc r im in a tio n . The m onopolist could n o t cover to ta l  c o s ta  a t  
any uniform  p r ic e ;  the  only way he could  s ta y  in  o p e ra tio n  would be w ith  
the  a id  of a subsidy . Looses would be reduced w ith  th ird  degree d isc rim ­
in a t io n ,  i . e . ,  a d i f f e r e n t  r a te  to  each c la s s  o f custom ers, o r w ith 
second degree d isc r im in a tio n , i . e . ,  a s in g le  b lock  r a te  schedule fo r  
a l l  consumers, but the  m onopolist could not s t i l l  cover t o t a l  c o s ts .
The d e f i c i t  would be e lim in a ted  only i f  the m onopolist were to
use d i s t in c t  b lock  r a te  schedules fo r  the v a rio u s  customer c la s s e s ,  i . e . ,
a com bination of second and th i r d  degree d is c r im in a tio n . Assuming th a t
a subsidy  i s  not p o s s ib le , i t  can be concluded th a t  p r ic e s  would be
lower and ou tpu t would be la rg e r  under th is  type o f p r ic in g , fo r  the
firm  could no t opera te  a t  a l l  w ith  any of the  o th e r  mentioned p r ic in g
schemes. Under any d i f f e r e n t  p o s it io n  of the long run  average c o s t ,
aggregate  demand, and d isc rim in a to ry  average revenue cu rv es, i t  can be
dem onstrated th a t  a com bination of second and th i r d  degree d isc r im in a tio n
■ . . w i l l  not n e c e s s a r ily  In crease  ou tpu t beyond th a t  achieved 
when a s in g le  b lock  schedule i s  open to  a l l  custom ers, and reduce 
r a te s  to  a l l  consumers; indeed, even the o p p o site  Is  p o s s ib le .
The s tro n g e s t  presum ption appears to  be th a t  the  com bination of 
c la s s  p r ic in g  and b lock  d isc r im in a tio n  w i l l  r e s u l t  in  an in crease  
o f t o t a l  ou tpu t and in  h ig h er r a te s  to  o ld  custom ers.
F in a l ly ,  a m onopolist could  o b ta in  maximum p o ss ib le  p r o f i t s  by 
charg ing  a d i f f e r e n t  p r ic e  fo r  each u n it  o f o u tp u t, namely the  h ig h es t 
p r ic e  anyone in  the  m arket would be w il l in g  to  pay fo r  th a t  u n i t .  This 
p r ic in g  scheme c o n s t i tu te s  p e r fe c t  o r f i r s t  degree d isc r im in a tio n  and 
could  be r e a l iz e d  on ly  through e i t h e r  o f th e  fo llow ing  two types of 
arrangem ents: (a )  by au c tio n in g  o f f  each u n it  o f  ou tpu t to  the  h ig h es t
^ I b i d . ,  p. 180. I t  should be reawmbered th a t  those conclusions 
assume no p r ic e  r e g u la tio n . This su b je c t i s  t r e a te d  in  the  next s e c tio n .
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b id d e r , o r  (b) i f  the m onopollet knew the In d iv id u a l demand cu rv es, he 
could uae an " a l l  o r  no th ing" c o n tra c t w ith  each custom er, i . e . ,  the 
m onopolist would make the  buyer pay a l l  th a t  he ( th e  buyer) would under 
th e  th re a t  o f being denied the good a lto g e th e r .  The assum ption of know­
ledge of in d iv id u a l demand curves la  h ig h ly  dubious but even i f  i t  were 
v a l id ,  n e ith e r  the  l a t t e r  approach o r  the a u c tio n in g  method would be 
f e a s ib le  in  a c tu a l  p r a c t ic e ,  no t only due to  re g u la tio n , bu t because of 
the  excessive  c o s ts  they  would e n t a i l .
F igure 2-4 p ic tu re s  the  f i r s t  degree d isc rim in a tio n  case . Each 
u n i t  o f o u tp u t, being  so ld  a t  th e  h ig h es t p o ss ib le  p r ic e , adds to  to ta l  
revenue an amount equal to  th a t  p r ic e .  Thus the  aggregate  demand (AD) 
o r  sim ple monopoly average revenue curve (SAR), assumed to  be a h o r iz o n ta l 
sunmation of l ik e  in d iv id u a ls ' demand cu rv es , re p re se n ts  the  m arginal 
revenue curve under p e r fe c t  d isc r im in a tio n  (OMR). The curve lo ca ted  to  










d isc r im in a tio n  (M R ). The sim ple monopoly m arginal revenue (8NR) to ­
g e th e r w ith  the m arginal and average c o s t curves (MC and AC) a re  a ls o  
shown.
The sim ple monopoly ou tpu t I s  th a t  a t  which MC ■ SMR, namely q0 ; 
th e  corresponding p r ic e  and t o t a l  p r o f i t  a re  P_ and P_C_ tim es q . reapec-
9  m m  8
t lv e ly .  The o u tp u t, average revenue, and t o t a l  p r o f i t  under f i r s t  degree 
d isc r im in a tio n  a re  la r g e r .  They are r e s p e c tiv e ly  q^, determ ined by the 
In te r s e c t io n  of MC and OMR, P j ,  and P^C^ tim es q^ . Note a lso  th a t  q,j i s  
equal to  the  ou tpu t th a t  would be achieved under m arginal c o s t p r ic in g  
and th a t  In th i s  case , w hile sim ple monopoly p r ic in g  would not a llow  th is  
o u tp u t to  be produced w ithou t a d e f i c i t ,  p e r fe c t  d isc r im in a tio n  would.
P ric e  R egulation
Up to  th is  p o in t . th e  d isc u ss io n  has assumed th a t  e le c t r i c  u t i l i ­
t i e s  can s e t  inrices a t  w i l l  In  o rd e r to. maximize p r o f i t s .  But In  p ra c tic e  
the r a te s  they  charge a re  su b je c t to  the  s c ru t in y  of re g u la to ry  commis­
s io n s  who seek  to  Improve the  s o c ia l  consequences o f n a tu ra l  monopoly* 
v i z . ,  reduce p r ic e s ,  in c re ase  o u tp u t, and p reven t abnormal p r o f i t s .  Two 
d i f f e r e n t  c o n tro l methods a re  considered  In  th i s  s e c tio n ; m arginal and 
average c o s t p r ic in g .
I f  the  u ltim a te  o b je c tiv e  o f the  re g u la to ry  commission Is  to  
ach ieve  an optimum o r  e f f i c ie n t  a l lo c a t io n  o f re so u rc e s , i t  should en­
fo rce  m arginal c o s t p r ic in g .  In  g e n e ra l, I f  p r ic e  Is  taken  to  be a 
measure o r index of the  v a lu e  o f the p roduct to  s o c ie ty  and m arginal c o s t 
a measure of the  v a lu e  o f reso u rces  used up in  producing an a d d itio n a l 
u n i t  o f the  p roduct, s e t t in g  p r ic e  equal to  m arginal c o s t w i l l  y ie ld  the 
s o c ia l ly  d e s ira b le  le v e l  o f o u tp u t. On the  o th e r  hand, I f  the commission
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wants to  e lim in a te  economic p r o f i t s  and perm it only  a f a i r  r e tu rn ,  average 
c o s t  p r ic in g , i . e . ,  a p r ic e  equal to  average c o s t ,  should be employed.
In  F igu re  2-5 the  demend (D) and m arginal revenue (MR) curves 
faced by an e l e c t r i c  u t i l i t y  to g e th e r  w ith  i t s  c o s t curves a re  shown.
The d isc rim in a to ry  average revenue curve (DAR) can be n eg lec ted  fo r  the 








MARGINAL AND AVERAGE COST PRICING
o f  decreasing  c o s ts  o r in c re a s in g  re tu rn s  to  s c a le ,  long run average 
c o s t (LAC) l i e s  above long run m arginal c o s t (U K ). The sh o r t  run a v e r­
age and m arginal c o s t curves a re  lab e led  SAC and SMC re s p e c t iv e ly .
Under sim ple monopoly long run e q u l l i b r lm  co n d itio n s  the o u tp u t i s  qs ,
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th e  p r ic e  Is P , ,  the  sc a le  o r  c a p a c ity  la  SAC,, and economic p r o f l ta  
a re  made because P , Is  g re a te r  than  th e  average c o s t of q , .  At th is  
o u tp u t p r ic e  exceeds m srg ln sl c o s t re v e a lin g  t h a t  so c ie ty  v a lu e s  a d d i­
t io n a l  u n i ts  o f  e l e c t r i c i t y  more h ig h ly  th an  th e  reso u rces used up In 
t h e i r  p ro d u ctio n .
This s i tu a t io n  I s  c o rre c te d  through m arginal c o s t p r ic in g . The 
In te r s e c t io n  o f demand and m arginal c o s t In  th e  long run y ie ld s  the 
s o c ia l ly  optimum ou tpu t q^. The s o c ia l ly  optimum or m arginal c o s t p r ic e  
I s  ?m and the sc a le  o f the  firm  Is  SACm. The problem w ith  t h i s  type of 
p r ic in g  is  th a t  Pm Is  le s s  than  average c o s t meaning th a t  qm can be pro ­
duced only  a t  a lo s s  to  the  f irm . Thus, th e  enforcem ent o f t h i s  p ric e  
upon the  re g u la te d  e le c t r i c  u t i l i t y  would cause I t s  bankruptcy , u n less  
th e  d e f i c i t  were o f f s e t  by a government subsidy  financed  through ta x e s .
I f  m arginal c o s t p r ic in g  i s  to  r e s u l t  In  a w e lfa re  optimum In  
th e  P a re tia n  sen se , th ese  tax es would have to  be o f  the  lump-sum v a r ie ty  
which f a l l  upon p ro d u ce rs ' o r consum ers' su rp lu s  and hence do n o t v io la te  
th e  m arginal c o n d itio n s  o f p roduction  or exchange.^* I t  i s  u n lik e ly  
th a t  th i s  type o f tax es could prov ide s u f f i c i e n t  revenue. Even I f  they  
cou ld , to  the  e x te n t th a t  th ey  were n o t c o lle c te d  from the people who 
re c e iv e  the b e n e f i t  of the  su b s id y , support o f the  m arginal c o s t p r ic in g  
p r in c ip le  would re q u ire  in te rp e rs o n a l  comparisons o f u t i l i t y .  Moreover,
^ ^ la ro ld  H o te llin g , "The G eneral W elfare in  H a la tio n  to  Problems 
of T axation  and o f Railway and U t i l i t y  R a tes" , Econom etrics ( J u ly , 1938), 
p . 242. H o te llin g  s p e c i f i c a l ly  suggested  the  use  of Income tax e s  and 
tax es on In h e r ita n c e s  and land v a lu e s . W hile th e  l a t t e r  a re  d e f in i te ly  
o f  the  lump-sum v a r ie ty ,  i t  has been shown th a t  income tax e s  a re  n o t . 
Incosm taxes a re  sa id  to  a f f e c t  th e  m arginal c o n d itio n s  o f p roduction  
and probably  th e  m arginal c o n d itio n s  o f exchange. See Robert W. Hsrbeson, 
"A C ritiq u e  o f M arginal C ost P r ic in g ,"  Land Economics (F ebruary , 1953), 
p . 59.
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the  su b s id iz a tio n  o f ou tpu t s t  th e  o p tin u n  a l lo c a t io n  p o in t would d i s to r t
long run  investm ent p lann ing  in  the  e l e c t r i c  power In d u s try . P r ic e  would
no t be ab le  to  r a t io n  reso u rces  among a l t e r n a t iv e  uses In  an adequate
manner because i t  would no t cover everage c o s t .  Consequently th e re
would be no p r o f i t  t e s t  to  In d ic a te  th e  p ro p er long run  a l lo c a t io n  of
19reso u rces toward th e  p roductio n  of e 'l e c t r l c l t y .
Due to  these  d i f f i c u l t i e s ,  re g u la to ry  commissions have in  p rac ­
t ic e  backed away from implementing m arginal c o s t  p r ic in g  and have concen­
t r a te d  in  e s ta b l is h in g  a f a i r  r e tu rn  p r ic e .  In  f a c t ,  the  c o u rts  have 
h e ld  no t only  th a t  any p r ic e  th a t  lea d s  to  lo s se s  and even tua l bankruptcy 
would deprive  e l e c t r i c  u t i l i t y  owners o f  th e i r  p r iv a te  p ro p e rty  w ithout 
due p rocess of law b u t more p re c is e ly  t h a t  re g u la to ry  agenc ies must 
perm it a f a i r  r e tu rn  to  owners. R e fe rr in g  again  to  F igure  2 -5 , the  p ric e  
determ ined by the  in te r s e c t io n  of th e  demand and long run  average co st
19In  a d d itio n  to  th e s e , the  m arg inal c o s t p r ic in g  p roposal r a i s e s  
many more p r a c t ic a l  problem s. Two o f th e  more notew orthy ones a re :  (a)
measurements o f m arginal c o s t are v e ry  d i f f i c u l t  to  make, and (b) th e re  
i s  c o n sid e rab le  argument in  r e l a t io n  to  w hether e l e c t r i c i t y  should be 
p ric e d  a t  sh o r t  run  o r long run  m arg inal c o s t ( t h i s  d i f f i c u l t y  has been 
avoided throughout the p re se n t d isc u ss io n  by always assuming long run 
e q u ilib riu m , where sh o r t  run  equals long run  m arginal c o s t ) .  Although 
the  l i t e r a t u r e  in  th e  m arginal c o s t p r ic in g  f i e l d  i s  e x te n s iv e , the 
in te re s te d  read e r should c o n su lt the  fo llow ing  o u ts tan d in g  works: Nancy
Ruggles, "Recent Developments in  th e  Theory o f M arginal Cost P r ic in g ,"  
Review o f Economic S tu d ie s . XVII ( 2 ) ,  No. 43 (1949-50), pp. 107-126; 
Burnham P. Beckwith, M arginal-C ost P rice -O u tp u t C ontro l (New York: 
Columbia U n iv e rs ity  P re s s , 1955); W illiam  S. V lckrey, "Some Im p lica tio n s  
of M arginal Cost P r ic in g  fo r  P ub lic  U t i l i t i e s , "  Arnerican Economic Review. 
Papers and P roceedings (May, 1955), pp . 605-620; Fred M. W estfie ld , 
"P ra c tic in g  M arginal-C ost P r ic in g —a Review ," Jo u rn a l o f B usiness (Jan ­
u a ry , 1966), pp. 67-73; Ralph Turvey, "M arginal C o st,"  Economic Jou rna l 
(Ju n e , 1969), pp. 282-299; W illiam  J .  Baumol and David F. B radford , 
"Optimal D epartures from M arginal Cost P r ic in g ,"  American Economic 
Review (June , 1970), pp. 265-283; and Ronald B. Coase, "The Theory of 
P u b lic  U t i l i t y  P r ic in g  and i t s  A p p lic a tio n ,"  B e ll Jo u rn a l o f  Economics 
and Management Science (S p rin g , 1970), pp . 113-126.
curves a llow s th e  u t i l i t y  j u s t  to  cover I t s  t o t a l  c o s ts ,  Inc lud ing  s 
normal p r o f i t .  This p r ic e ,  lab e led  Pa , I s  the  f a i r  r e tu rn  o r  average 
c o s t p r ic e .  The corresponding  ou tpu t I s  ^  and the  sc a le  or s la e  Is 
SACa . Note th a t  qa I s  le s s  than  the  s o c ia l ly  optimum ou tput since  
Pa exceeds m arg inal c o s t .  T here fo re , average co a t p r ic in g  would e n ta i l  
an u n d e ra llo c a tio n  o f  reso u rces  to  e l e c t r i c i t y  supply .
In  co n c lu sio n , w hether a p o lic y  of average or m arginal coat
p r ic in g  is  en fo rced , p r ic e  re g u la tio n  would improve upon the r e s u l ts  of
sim ple monopoly. This i s  c le a r  because under e i th e r  method ou tpu t would
be la r g e r ,  p r ic e  would be low er, and th e  economic p r o f i t s  o f the u t i l i t y
20would be reduced . The a n a ly s is ,  however, has excluded the  use of 
d isc rim in a to ry  p r ic in g  schemes which may perm it the  accomplishment of 
th e  optimum a l lo c a t io n  o f resou rces goal ju s t  as m arginal c o s t p r ic in g , 
b u t w ithou t a need fo r  a subsidy .
I t  was in d ic a te d  in  the  p rev ious s e c tio n  of t h i s  chap ter th a t 
p r ic e  d isc r im in a tio n  in  g en era l tends to  r e s u l t  In  a la rg e r  ou tpu t than 
sim ple monopoly. Moreover, i t  has been dem onstrated th a t  when two 
m arkets can be served  under average co a t p r ic in g  or under th i rd  degree 
d is c r im in a tio n , average c o s t p r ic in g  always g ives a g re a te r  o u tp u t. When 
only  one m arket can be served under average c o s t p r ic in g  whereas both 
m arkets can be served  under th i r d  degree d isc r im in a tio n , I f  average c o s t 
i s  r i s in g ,  ou tpu t I s  n e c e s s a r ily  la rg e r  under average co a t p r ic in g . I f
^^N otw ithstanding , i t  should be mentioned th a t  some econom ists 
no t only b e lie v e  th a t  re g u la to ry  conm lsaions a re  incapable  of fo rc in g  
e l e c t r i c  u t i l i t i e s  to  o p e ra te  a t  a s p e c if ie d  con& inatlon o f  o u tp u t, p r ic e  
and c o s t b u t have even In troduced em p irica l evidence to  show th a t  th e i r  
c o n tro l has been in e f f e c t iv e .  For example, see George J .  S t lg le r  and 
C la ire  F rie d la n d , "What Can R egulators R egulate7 The Case o f E le c t r i c i ty ,  
Jo u rn a l o f Law and Economics (O ctober, 1962), pp. 1-16.
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average co a t i s  f a l l in g ,  ou tpu t under th i r d  degree d isc r im in a tio n  can 
be l e s s ,  th e  sane , o r  g re a te r  than  ou tpu t under average c o s t p r ic in g  
depending upon the  shapes (s lo p e s)  and p o s it io n s  of the demand curves 
in  th e  two m arke ts . Only when both m arkets can be served under th i r d
degree d isc r im in a tio n  bu t n e i th e r  under average c o s t p r ic in g , ou tpu t i s
21in e v ita b ly  la rg e r  under the  form er. A s im ila r  exam ination shows th a t  
in  most cases second degree d isc r im in a tio n  a lone and second and th i r d  
degree d isc r im in a tio n  combined are  l ik e ly  to  r e s u l t  in  sm a lle r ou tpu ts 
than  average c o s t p r ic in g . 22
Hence, i t  can be concluded th a t  when a l l  m arkets must be served 
and under co n d itio n s  o f  d ecreasin g  c o s ts  o r in c re a s in g  re tu rn s  to  sc a le  
—which a re  p e c u lia r  to  e l e c t r i c  u t i l i t i e s - - t h e  d i f f e r e n t  types o f p ric e  
d isc r im in a tio n , w ith  the  excep tion  of f i r s t  deg ree , w i l l  probably produce 
an ou tpu t la rg e r  than  under sim ple monopoly bu t le s s  than  under average 
c o s t and th e re fo re  m arginal c o s t  p r ic in g .  However, these  f in d in g s  
assume th a t  d isc r im in a tio n  i s  u n c o n tro lle d . Under re g u la tio n , i t  has 
been argued th a t  second degree or a com bination of second and th ird  degree 
p r ic e  d isc r im in a tio n  can y ie ld  n o t on ly  the  average c o s t b u t the  la rg e r  
m arginal c o s t p r ic in g  o u tp u t. Even more im p o rtan t, under e i th e r  system 
the  l a t t e r  ou tpu t can be a t ta in e d  w ith o u t th e  d e f i c i t  th a t  accompanies
21* These r e s u l t s  on the  comparison of average co st p r ic in g  and th ird  
degree d is c r im in a tio n  were derived  by U. rton H. M ille r  in  h is  a r t i c l e  
"D ecreasing Average Cost and the  Theory of R a ilro ad  R a te s ,"  Southern 
Economic Jo u rn a l (A p ril , 1955), pp. 400-403.
22Davidson, P r ic e  D iscrim in a tio n , pp. 152-160.
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m arginal coat p r ic in g  and w ith  an optimum a l lo c a t io n  o f re s o u rc e s .23 
Aa noted in  th e  preced ing  a e c tlo n  o f  th is  c h a p te r , a lthough un regu la ted  
p e r fe c t  o r  f i r a t  degree d la c r lm in a tlo n  can achieve th e  aame enda, I t  
must be re je c te d  on the  b a a ia  o f i t s  im p o s s ib ili ty  in  a c tu a l  p r a c t ic e .
A re g u la te d  d isc rim in a to ry  scheme designed to  reach the  aame 
r e s u l t s  o f m arginal co a t p r ic in g  w ithou t a need fo r  a subaldy could  con­
s i s t  o f  e i th e r  tw o-part o r b lock  p r ic in g .  Under th e  former consumers 
would pay a f l a t  fee  fo r  the  r ig h t  to  purchase any e l e c t r i c i t y  p lu s a 
pe r u n i t  charge equal to  m arginal c o s t .  The f l a t  fee  would have to  be 
ad ju s ted  so th a t  t o t a l  c o s ts  a re  covered by t o t a l  revenue, and by s e t t in g  
th e  per u n i t  charge equal to  m arg inal coBt, consumers could buy e le c ­
t r i c i t y  a t  a p r ic e  which r e f le c te d  th e  value o f  th e  resou rces being  used . 
The f l a t  fee  should n o t p rev en t anyone w il l in g  to  purchase power a t  the 
p e r  u n i t  charge from doing so . Under the  l a t t e r  p r ic in g  system  custom ers 
would buy success ive  b locks of e l e c t r i c i t y  a t  lower p e r  u n i t  p r ic e s ,  
w ith  p r ic e  in  th e  l a s t  b lock  eq u a lin g  m arginal c o s t .  The b locks would 
have to  be dev ised  so th a t  a l l  custom ers w ill in g  to  purchase a d d it io n a l  
power in  the  l a s t  b lock  could do so . The p r ic e s  and s iz e s  o f the e a r l i e r  
b locks would have to  be a d ju s te d  so th a t  the e l e c t r i c  u t i l i t y  can cover 
i t s  t o t a l  c o s ts .  In  term s of F igure  2-5 e i th e r  of th e se  p r ic in g  system s— 
tw o-part o r  b lock—would y ie ld  the  optimum o r  m arginal c o s t ou tpu t qm. 
D iscrim inato ry  average revenue (DAR), ly in g  above the demand curve (D),
23The e a r ly  exponents o f th is  p roposa l were Lew is, Clemens, and 
Coase. See W. A rthur Lewis, "The TWo-Part T a r i f f , "  Economica (August, 
1941), pp. 249-270; E l i  V. Clemens, "P rice  D isc rim in a tio n  in  D ecreasing 
Coat I n d u s t r ie s ,"  American Economic Review (December, 1941), pp. 794- 
802; and Ronald H. Coase, "The M arginal Cost C on troversy ," ' Economica 
(A ugust, 1946), pp. 169-182.
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would equal long ru n  average coa t (IAC) fo r  t h i s  o u tp u t. Thus, to ta l  
revenue would n a tch  t o t a l  c o s t and no d e f i c i t  would occu r.
Even though th is  d isc u ss io n  hss Im plied th a t  In  theory  reg u la ted  
d isc rim in a to ry  schedules o f r a te s  designed to  y ie ld  revenues covering 
a l l  c o s ts  w hile  producing a s  good an a l lo c a t io n  of reso u rces as m arginal 
coat p r ic in g  e x i s t ,  advocates o f th e  l a t t e r  p o lic y  have sa id  th a t  in  
p ra c t ic e  such schedules a re  very  d i f f i c u l t ,  I f  no t im possib le , to  f in d . 
The revenue requirem ent could be s a t i s f i e d  bu t s ince  in d iv id u a l demand 
fu n c tio n s a re  w idely  d i f f e r e n t ,  in  n e a r ly  a l l  cases  any scheme o f d is ­
c rim in a to ry  r a te s  would f a l l  to  meet th e  m arginal co n d itio n s  of w e lfa re  
m axim ization fo r  some people and th e re fo re  would no t achieve an optimum 
a l lo c a t io n  o f re so u rc e s . S p e c if ic a l ly ,  th e  e f f e c t iv e  p r ic e  a t  the 
margin fo r  th e  sm all consumer would be above th a t  fo r  the la rg e  consumer
and thus above m arginal c o s t .  In  more d e t a i l ,
i f  the  b lock  schedule i s  designed to  f i t  the  demand curve o f the  
average consumer, th e  r a te  a p p lic a b le  to  the  l a s t  block may w ell 
be above the  p r ic e  which some consumers would pay fo r  th a t  q u a n tity
o f s e rv ic e .  These consumers would no t be ab le  to  purchase the
u t i l i t y ' s  s e rv ic e  a t  m arginal c o s t and would purchase le s s  than  they 
would under a m arg in a l-co s t p r ic in g  system . . . . Recognizing the  
d if fe re n c e s  o f t a s te s  and incomes among d i f f e r e n t  consumers, i t  is  
ap p aren t th a t  a s e p a ra te  b lock  schedule would be needed fo r  each 
custom er i f  th e  most e f f i c i e n t  a l lo c a t io n  of re so u rc e s . . . were to  
be r e a l iz e d .  Such a p r ic in g  scheme would be extrem ely  c o s t ly , i f  
i t  were f e a s ib le .
T his argument i s  pow erful I f  second degree d isc r im in a tio n , i . e . ,  
a s in g le  b lock  r a te  schedule fo r  a l l  custom ers of the  e l e c t r i c  u t i l i t y ,  
i s  sought. But i f  consumers a re  sep a ra ted  in to  c la s s e s ,  such as
^ W illia m  V ickrey , "Soma O bjections to  M arginal Cost P r ic in g ,"  
Jo u rn a l o f P o l i t i c a l  Economy (Ju n e , 1948), pp. 223-224.
25Davidson, £ i£ ce  D isc rim in a tio n , pp . 161-163.
r e s id e n t ia l ,  coaanercial, and in d u s t r ia l ,  demand fu n c tio n s  w ith in  these
c la s s e s  may be approxim ately  th e  same. The use o f an a p p ro p ria te  b lock
r a te  s t r u c tu r e  fo r  each c la s s  would produce as good an a l lo c a t io n  of
26reso u rces  as m arginal c o s t p ric in g *  Moreover, demand curves are  no t 
smooth and continuous and s in g le -v a lu e d ; they  c o n ta in  many d ia c o n tin u i t le s  
and may be alm ost p e r f e c t ly  i n e l a s t i c  w ith in  the re le v a n t range. Taking 
advantage of such d is c o n t in u i t ie s  and i n e l a s t i c i t i e s ,  c o n s tru c tio n  of 
b lock  r a te  schedules fo r  th e  v a rio u s  groups of custom ers, which do no t 
v io la te  th e  m arginal co n d itio n s  fo r  w e lfa re  m axim isation, would be q u ite  
p o s s ib le . The schedu les would n o t I n te r f e re  w ith  the  m eeting of these  
c o n d itio n s  s in c e  i t  would be do u b tfu l fo r  example th a t  households would 
g re a t ly  reduce th e i r  consumption of e l e c t r i c i t y  because they  could no t 
o b ta in  a d d it io n a l  amounts a t  the  in d u a tr la l  r a t e .  Hence, i t  must be con­
cluded th a t  a com bination of second and th i r d  degree d isc r im in a tio n , i . e . ,  
d i f f e r e n t  block r a te  s t r u c tu re s  fo r  the  se v e ra l c la s s e s  o f consumers, 
lead in g  to  an optimum a l lo c a t io n  o f reso u rces  and w ith  t o t a l  revenue
covering  t o t a l  c o s ts  would no t be d i f f i c u l t  to  a r r iv e  a t ,  d e sp ite  the
27view s to  th e  c o n tra ry  o f the  proponents o f m arginal c o s t p r ic in g .
Peak Load Pricing 
As noted in  C hapter I ,  because e l e c t r i c i t y  cannot be s to re d  I t s  
p ro d u c tio n  and use must be sim ultaneous. Enough cap ac ity  i s  req u ired  
to  meet the  co in c id e n t demand, o r peak lo ad , o f a l l  custom ers even though
26David Gordon T yndall, "The R e la tiv e  M erits  of Average Cost 
P r ic in g , M arginal Cost P r ic in g  and P ric e  D isc rim in a tio n ,"  Q u arte rly  
Jo u rn a l o f Economics (A ugust, 1951), p . 349.
2?Ruggles, "M arginal Coat P r ic in g ,"  p . 124.
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t h i s  maximum demand on th e  ayatem may come only  fo r  a few m lnutea o r  a
few hours a t  p e r io d ic  In te rv a le  o f tim e. E le c t r ic  u t i l i t i e s
. . . have been concerned fo r  n e a r ly  a cen tu ry  w ith  determ ining 
m ethodologies, tech n iq u es, and p h ilo so p h ies  fo r  coping w ith  th is  
peaking o f demand. The problem  o f m eeting th ese  v a r ia t io n s  in  
load  w ith  some optimum s iz ed  p la n t  c ap a c ity  and the accompanying 
investm ents and c o s ts ,  a l l  In  the  framework of a p r ic in g  s t r u c tu r e ,  
is  c a lle d  th e  peak-load  p r ic in g  p r o b l e m .2 8
This problem has been so lved  through the  use o f m arginal co st 
p r ic in g  g u id e l in e s .^9 To i l l u s t r a t e  th e  problem and i t s  s o lu tio n  two 
assum ptions a re  made: (a ) the e l e c t r i c  u t i l i t y  i s  composed of a s in g le
g en e ra tin g  p la n t  p lu s  tran sm iss io n  and d is t r ib u t io n  f a c i l i t i e s  se rv in g  
one community; and (b ) t o t a l  v a r ia b le  c o s ts  in c re ase  approxim ately in  
p ro p o rtio n  to  o u tp u t up to  some c a p a c ity  l im i t  which cannot be exceeded. 
In  F igure  2-6  th is  assum ption la  r e f le c te d  by th e  sh o r t  run  t o ta l  co st 
curves STC^, STCj* and STC3 , corresponding  to  p la n ts  o f cap ac ity  qj_, q j ,  
and q^ re s p e c t iv e ly .
^ I s r a e l  Pressman, "A M athem atical Form ulation of the  Peak-Load 
P r ic in g  Problem ," B e ll Jo u rn a l o f  Economics and Management Science 
(Autumn, 1970), p . 304.
29ihe s o lu tio n  was developed by M arcel B olteux In  "La t a r l f l c a t l o n  
des demandes en p o in ts :  a p p lic a t io n  da la  th e o r ie  de la  ven te  au cofit
m arg in a l."  Revue G^ndrale de 1 'E l e c t r i c i t y  (A ugust. 1949), pp. 321-340; 
t r a n s la te d  as "Peak-Load P r ic in g ."  Jo u rn a l o f Buaineaa (A p ril , 1960), pp. 
157-179; and re p r in te d  in  James R. N elson, e d . ,  M arginal Cost P r ic in g  in  
P ra c t ic e  (Englewood C l i f f s ,  N .J .;  P re n tlc e -H a ll ,  I n c . ,  1964), pp. 59-89. 
In  a d d it io n , see Jacques H. Drfeze, "Some Postwar C o n trib u tio n s o f French 
Economists to  Theory and P ub lic  P o lic y , w ith  S p ec ia l Emphasis on Prob­
lems o f Resource A llo c a tio n ,"  American Rnnrir>ff1̂  Review. Supplement (June , 
1964), pp. 1-64. Unaware of B o ite u x 's  e a r l i e r  work, S te in e r  derived  a 
s im ila r  so lu tio n  to  the peak load  p r ic in g  problem in  the l a te  f i f t i e s .
See P e te r  0 . S te in e r ,  "Peak Loads and E f f ic ie n t  P r ic in g ,"  Q u arte rly  
Jo u rn a l o f Economics (November. 1957), pp. 505-610, and a ls o  Jack  
H ir s h le l f e r ,  "Peak Loads and E f f ic ie n t  P r ic in g : Comment," Q u a rte rly  





SHORT RUM AND LONG RUN TOTAL COST CURVES
The long run  t o t a l  co a t fu n c tio n , LTC, la  an envelope o f ah o rt 
run  t o t a l  co a t cu rvea . The o u tp u t8 q^ , q2» and q^ a t  which th e  STC 
curve8 a re  tan g en t to  LTC c o n a t l tu te  n o t only maximum b u t a la o  optimum 
o u tp u ts  f o r  each of th e  th re e  p la n ta . They a re  optimum In  the aenae 
th a t  no o th e r  p la n ta  can produce them a t  lower t o t a l  c o a t. The m arginal 
co a t curvea d ep ic ted  In F igu re  2-7 a re  the  alopea of th e  re le v a n t t o t a l  
co a t fu n c tlo n e  In  the  p rev io u s f ig u re .  The ah o rt run  m arginal coat 
cu rvea, SMCj, SMC2 , and SMC3 , a re  h o r iz o n ta l to  the  p o in t o f c ap a c ity  
and then v e r t i c a l  ( in d e te rm in a te ) . They cu t long run m arginal c o a t ,
LHC, at the optimum and maximum outputa q^, q2 » and q^.
Two conclusions emerge from the c o a t curves in  F igu re  2 -7 : (a )
g iven  a p a r t i c u la r  p la n t ,  f o r  any ou tpu t below th e  c ap a c ity  o u tp u t, 
a h o rt run  m arginal coat equals  average v a r ia b le  co a t and hence i s  leaa  











PRICING FOR CONSTANT DEMAND
long run  m arginal c o s t i s  equal to  the  sum of m arginal energy or a h o rt 
run m arginal coa t and m arginal c a p a c ity  c o a t . In  o th e r  words, " the  long 
run  c o s t  of producing one more u n i t  of e l e c t r i c i t y  i s  equal to  the a d d i­
t io n  to  t o t a l  energy c o s ts  (m ainly fu e l c o a ts , in  the  caae of conven tional 
therm al p la n ts )  caused by th e  p roduction  of th is  a d d it io n a l  u n i t ,  p lu s  
the  a d d itio n  to  t o t a l  c ap a c ity  c o s ts  (m ainly I n te r e s t  and a m o rtiz a tio n  
charges) caused by th e  i n s t a l l a t i o n  o f th e  n ecessa ry  a d d it io n a l  
c a p a c i ty .’*̂ ®
A b stra c tin g  tem p o rarily  from th e  peak load problem , i . e . ,  assum­
ing th a t  th e  demand fo r  e l e c t r i c i t y  does no t vary  w ith  the hour, day, 
o r aeaaon, an  e f f i c i e n t  a l lo c a t io n  of reso u rces  re q u ire s  a p r ic in g  ru le
30Ronald L. Mask, "An A p p lica tio n  o f  M arginal Cost P r ic in g : The
'G reen T a riff*  in  Theory and P ra c tic e  -  P a r t  I .  The T heory ," Jo u rn a l 
o f I n d u s t r ia l  Economics ( J u ly ,  1963), pp. 221-222.
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c o n s is t in g  of two p a r ts :  (a ) e l e c t r i c i t y  should be charged fo r  a t  a
p r ic e  equal to  th e  sh o r t  run  m arginal c o s t o f supply ing  i t ,  and (b) 
p la n t c ap a c ity  should  be expanded when th is  p r ic e  la  h ig h e r than  long 
run  m arginal c o s t and c o n tra c te d  when I t  I s  low er. These ad justm ents 
in  the  cap ac ity  o f th e  p la n t  should be made u n t i l  p r ic e  o r sh o rt run  
m arginal c o s t equals  long run  m arginal c o s t .  These r e s u l t s  a re  i l l u s ­
t r a te d  in  F igure  2 -7 , where D i s  the  c o n s tan t demand fu n c tio n .
Assuming th a t  th e  p la n t  w ith  th e  s h o r t  run  m arginal c o s t curve 
SMC} i s  a c tu a l ly  in  u se , th e  f i r s t  p a r t  o f the  id e a l p r ic in g  ru le  would 
y ie ld  a p r ic e  P^ and an ou tpu t qj_. But P^ exceeds long run  m arginal 
c o s t and thus c ap a c ity  should be in c re a sed . On th e  o th e r  hand, i f  the 
p la n t  w ith  sh o rt run  m arginal c o s t fu n c tio n  SMĈ  were the  re le v a n t one, 
p r ic e  and o u tp u t would be P^ and q j  r e s p e c t iv e ly .  S ince P3 is  le s s  than  
long run m arginal c o a t , th e  second p a r t  of th e  id e a l  p r ic in g  ru le  would 
c a l l  fo r  a decrease  In  c a p a c ity . An e f f i c i e n t  a l lo c a t io n  o f reaources 
would f in a l ly  occur w ith  the  use o f th e  p la n t whose sh o r t run  m arginal 
c o s t curve i s  a p r ic e  P2 , and ou tpu t q2 « Under t h i s  optimum s i t u ­
a t io n  P “ SMC ■ LMC, th a t  i s ,  "provided th e re  i s  an optim al investm ent
p o lic y , sh o r t- te rm  p r ic in g  i s  a ls o  long-term  p r ic in g , and th e re  i s  no
31longer any c o n tra d ic t io n  between the tw o." M oreover, th e  p r ic e  P2 i s  
equal to  the sum o f the  sh o r t run m arginal energy c o s t w and the  long 
run m arginal c a p a c ity  c o s t  v .
I f  th e  p la n t  a c tu a l ly  in  use i s  o f in c o r re c t  c a p a c ity , a problem 
a r i s e s  in  th a t  p r ic in g  a t  sh o r t  run m arginal c o s t  would re q u ire  freq u en t
^^B olteux, "Peak-Load P r ic in g ,"  in  N elson, e d . ,  M arginal Cost 
P r ic in g  in  P r a c t ic e , p . 70. Subsequent re fe re n c e s  to  B o ite u x 's  a r t i c l e  
in  the te x t come from th is  r e p r i n t .
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changes In  races as demand v a r i e s .  Given t h a t  p r ic e  s t a b i l i t y  I s  d e s i r ­
a b le ,  a r a te  equal to  what the  sh o r t run m arginal coat would be i f  the
p la n t  were a c tu a l ly  o f th e  c o rre c t  c a p a c ity , i . e . ,  a r a te  equal to  long
32run  m arginal c o s t ,  should be charged. However, I t  has been argued
th a t  t h i s  p r ic in g  p ro p o s itio n  I s  i n e f f i c i e n t .  S p e c if ic a l ly ,
. . . o p tim a lity  re q u ire s  th a t  the b e n e f i ts  of p r ic in g  according 
to  sh o rt-ru n  m arginal c o s t . . .  be weighed a g a in s t the  b e n e f i ts  
o f  B o ite u x 's  s ta b le  p r ic e  p roposal and an a p p ro p ria te  balance 
s tru c k . For th is  purpose, a more b road ly  conceived s o c ia l  w e lfa re  
fu n c tio n  th a t  makes e x p l i c i t  the  ga ins to  be secured  through p r ic e  
s t a b i l i t y  I s  re q u ire d . The t r a d e -o f f  between the sh o r t- ru n  b e n e f i ts  
o f p r ic e  f l e x i b i l i t y  and th e  long -run  b e n e f i ts  o f s t a b i l i t y  can 
th en , presum ably, be o p tim a lly  a rra n g e d .”
Up to  th i s  p o in t the  a n a ly s is  has been based on a co n stan t demand 
cu rv e . In  r e a l i t y  the  demand fo r  e l e c t r i c i t y  v a r ie s  w ith  th e  hour, day, 
o r season , and i t  i s  t h i s  f a c t  th a t  g ives r i s e  to  the  peak load problem.
To i l l u s t r a t e ,  assume th a t  th e  d a ily  load curve c o n s is ts  of two lnde-
¥
pendent 12-hour p a r t s ,  a peak o r day demand and an o ff-p eak  or n ig h t 
demand Dq. Assume a ls o  th a t  long run  m arginal c o s t LHC i s  c o n s ta n t.
This su p p o s itio n  avoids th e  d e f i c i t  th a t  would occur i f  m arginal c o s t 
p r ic in g  were a p p lied  under co n d itio n s of decreasing  long run  average 
c o s t .  F igure  2-8 p ic tu re s  these  d i f f e r e n t  fu n c tio n s along w ith  the sh o rt 
run m arginal c o s t curve SMC corresponding to  th e  p la n t  in  u se . A ll c o s t 
curves r e f e r  to  12-hour tim e in te r v a ls .
According to  the id e a l  p r ic in g  ru le  s ta te d  p rev io u s ly , the r a te
32I b id . ,  pp. 70-72. In  B o iteu x 's  term inology , sh o rt run and long 
run m arginal c o s ts  appear a s  d i f f e r e n t i a l  and development c o s ts  re sp ec ­
t iv e ly .
33O liver E . W illiam son, "Peak-Load P r ic in g  and Optimal C apacity  
under I n d i v i s ib i l i t y  C o n s tra in ts ," American Economic Review (Septem ber, 
1966), p . 825.
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charged should equal sh o rt run  m arginal c o s t and p la n t  c ap a c ity  must
be determ ined through a comparison of p r ic e  and long run  m arginal c o a t .
Thus, the  f i r s t  p a r t  of the  ru le  c le a r ly  in d ic a te s  th a t  day e l e c t r i c i t y
should  be p rice d  a t  P j and n ig h t e l e c t r i c i t y  a t  Pn . The q u a n ti t ie s
taken  would be q^ and qn re s p e c t iv e ly . The second p a r t  o f the r u le ,
however, becomes more complex. Given two p e r io d ic a l  demands of equal
d u ra tio n  and co n stan t long run  m arginal c o s t ,  i t  has been proven th a t
p la n t  c ap a c ity  i s  optim al when the  sum o f the  two p r ic e s  equals tw ice
th e  ( 12-ho u rly ) long run m arginal c o s t ,  o r  a l t e r n a t iv e ly ,  when the
34a rith m e tic  mean of th e  p r ic e s  equals  th a t  c o s t .  C apacity  should be 
expanded when the  sum of the p r ic e s  (each equal to  sh o r t  run m arginal 







PERIODICAL DEMANDS: UN0PT1MAL CAPACITY
^ B o ite u x , "Peak-Load P r ic in g ,"  pp. 75-76 and 86-87.
c o n tra c ted  whan i t  la  l e s s .
Since LMC » w + v f whare w la  tha  m arginal energy c o s t and v the 
m arginal c ap ac ity  c o a t , the  optim al c ap a c ity  c o n d itio n  can be a ta ta d  aa 
Pd + Pn * 2(w + v ) .  I t  la  ev id en t th a t  th la  c o n d itio n  la  no t a a t ia f le d
in  F igure  2 -8 . Because P<j + Pn <. 2(w + v ) ,  p la n t  c ap a c ity  should be
c o n tra c ted  u n t i l  an e q u a lity  la  a t ta in e d .  The optim al s o lu tio n  la  
shown in  F igure 2 -9 , where SMC corresponds to  a sm aller p la n t .  Note th a t  
the n ig h t r a te  Pn covers the m arginal energy c o s t of th e  n ig h t ou tpu t
qn , i . e . ,  Pn “  w; and th a t  th e  day r a te  Pd covers the  m arginal energy
c o s t of the day ou tpu t qd p lus th e  e n t i r e  (24-hourly ) m arginal c ap a c ity  
c o s t ,  i . e . ,  Pd » w + 2v. Hence, Pd + Pn ■ 2(w + v ) .  Under these  condi­












PERIODICAL DEMANDS: OPTIMAL CAPACITY
The a n a ly s is  can now be extended to  take  in to  account the  case
42
35o f p e r io d ic a l  demand* of unequal len g th . For example, conalder the
a l tu a t lo n  p ic tu re d  In F igure  2-10 where rep resen t*  an 6-hour
12/3)o ff-p eak  load and D̂j a 16-hour peak lo ad . The c o s t nom enclature Is  
the  same as b e fo re ; the c o s t fu n c tio n s r e f e r  to  24-hour time In te rv a ls .  
To a r r iv e  a t  the optim al s o lu t io n , the " e f fe c t iv e  demand fo r  cap ac ity  
cu rv e" , De , i s  c o n s tru c te d . This cu rve , which i s  ob tained  from 
and through a w eigh ting  average method,3^ has the p roperty  th a t
i t  in te r s e c ts  LMC a t  the optimum cap a c ity  output q<j fo r  which P^ « w 
+ v /f^  on the corresponding p e rio d ic  desiand load D^; r e f e r s  to  the 
f r a c t io n  of the cycle  du ring  which th is  demand p re v a i ls .  As I t  i s  seen 










PERIODICAL DEMANDS OF UNEQUAL LENGTH
35
This g e n e ra lis a tio n  along  w ith  a d isc u ss io n  o f the w elfare  m oti­
v a tio n  behind the peak load  p r ic in g  problem are  the main c o n tr ib u tio n s  
o f W illiam son. See h is  a r t i c l e  "Peak-Load P r ic in g ,"  pp'. 610-827.
3^For the exact procedure o f d e r iv a tio n  see i b id . ,  pp. 817-819.
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In  term* o f  F igure  2-10, g iven  IMG, i t e  ln te reecC lon  w ith D©
determ ines th e  optim el p la n t rep re sen ted  by SMC end of c sp a c lty  q^. The 
ap p ro p ria te  p r ic e s ,  th e re fo re , e re  Pn ■ w in  the o ff-p eak  period  and 
Pd ■ w + v /(2 /3 )  du ring  the peak. The corresponding ou tpu ts a re  qn  and 
q^. These p r ic e s  and ou tpu ts a re  c o r re c t  s in ce  they a re  the  only ones 
under which to ta l  revenue equals t o t a l  c o s t ,  a c o n d itio n  th a t  must neces­
s a r i ly  hold in  long run eq u ilib riu m  in  th is  system which assumes constan t 
re tu rn s  to  s c a le .  To dem onstrate th is  e q u a l i ty ,  note  th a t  the revenue 
ob tained  from th e  o ff-peak  custom ers ( l /3 ) P nqn matches e x a c tly  the o f f -  
peak c o s t  o f (l/3 )w q n . Thus, the  revenue derived  from the peak custom ers, 
i . e . ,  (2 /3 )(w  + 3v/2)qd or (2/3)wqd + vqd , must cover both  energy co st 
du ring  the peak and the e n t i r e  c ap a c ity  c o s t i f  zero  n e t revenue i s  to  
be r e a l iz e d .  That th is  i s  tru e  i s  ev id en t s in c e  peak energy c o s t i s  
(2/3)wqd and c a p a c ity  c o s t per cycle  i s  vqd .
The problem can a ls o  be form ulated  a lg e b ra ic a l ly  and Id e n tic a l  
r e s u l t s  ob tained  through the  fo llow ing  s o c ia l  w elfa re  fu n c tio n :
W -  (TRn + Sn) f n + (TRd + Sd) f d - wqnfn - wqdf d - vqd 
where th e  su b s c r ip ts  n and d r e f e r  to  the O ff-peak and peak periods re sp ec ­
t iv e ly ;  f  i s  f r a c t io n  o f th e  cycle  accounted fo r  by each p e rio d ; W is
n e t  w e lfa re  g a in ; TR is  t o t a l  revenue; S i s  consum ers' su rp lu s ; w i s
37m arginal energy c o s t ;  v i s  m arginal c a p a c ity  c o s t;  and q i s  o u tp u t.
P a r t i a l  d i f f e r e n t ia t io n  w ith  re sp e c t to  qn and qd in  o rd e r to  maximize 
W y ie ld s :
37Note th a t  th is  s o c ia l  w e lfa re  fu n c tio n  i s  o f th e  form W ■ TR + 
S - T C o r W - S  +  (TR - TC), where the  n e t w e lfa re  gain  W i s  the sum of 
consum ers' su rp lu s  S and p ro d u cers1 n e t  revenue, i . e . ,  t o t a l  revenue TR 
minus to ta l  c o s t TC. For the  f u l l  development of th is  fu n c tio n  and some 
a p p lic a tio n s  see  i b id . ,  pp. 811-813 and 820-821.
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Solv ing  fo r  the p r ic e s  Pn and P^ g iv es :
P -  wn
Pd -  w + v / f d .
With ■ 1/3 and f d » 2 /3 , Pn ■ w and Pd ■ w + v /(2 /3 )  which a re  the 
same v a lu es ob ta ined  in  F igu re  2*10. M oreover, In  th e  case  of p e rio d ­
ic a l  demands o f equal len g th  f Q ”  1/2 and f d ■ 1/ 2 ; hence Pn -  w and Pd * 
w + 2v or Pn + Pd ■ 2(w + v) which a re  the  same r e s u l t s  a t ta in e d  In 
F igure 2 -9 . In  genera l th en , p r ic e  during  the  o ff-p eak  In te rv a l  must 
be s e t  equal to  m arginal energy c o s t (w ); th e  peak p r ic e  must be s e t  a t
the  l a t t e r  p lu s  m arginal c a p a c ity  c o s t (v) d iv ided  by th e  f r a c t io n  of
38cycle  time accounted fo r  by the  peak load ( f d)*
The above mentioned p r ic e s  a re  a p p ro p ria te  when th e  o ff-p eak  
load f a l l s  to  use p la n t  to  c a p a c ity . The peak p r ic e  Pd b ears  the  e n t i r e  
burden of the c a p a c ity  c o s ts .  But g iven  a nonoptima1 p la n t ,  the  charg ­
ing o f a p r ic e  such as Pd may r e s u l t  In  Dd ceasing  to  be the peak demand, 
e s p e c ia l ly  I f  th e  assum ption o f independent loads fo r  the two periods 
i s  re la x e d . A fte r  th e  p roper ad justm en ts both Dd and 1^ share  In  the 
c a p a c ity  c o s ts .  This s i tu a t io n ,  r e f e r r e d  to  as th e  s h i f t in g  peak case , 
i s  dep ic ted  in  F igure  2-11 where Dn and Dd a re  re s p e c t iv e ly  n ig h t and 
day p e r io d ic a l  demands of equal ( 12-hour) le n g th .
I f  SMC1 Is  th e  sh o r t  run  m arg inal co a t curve o f the  p la n t 
a c tu a l ly  in  u se , th e  I n i t i a l  n ig h t and day p r ic e s  P^ and P^ w i l l  give





r i s e  to  o u tp u ts  q^ and q^ . Since P^ + P^ <. 2(w + v ) ,  c a p a c ity  should
be c o n tra c te d . The optim al p la n t  is  th a t  w ith  the s h o r t  run m arginal c o s t
curve SMC", where AB ■ FG. The p r ic e  of n ig h t e l e c t r i c i t y  i s  PJJ, th a t
o f  day e l e c t r i c i t y  Pd , and P” + Pd ■ 2(w + v ) .  Note th a t  n ig h t and day
o u tp u ts  a re  e q u a l, i . e . ,  qjj ■ qjj, and th a t  both demands share  in  the 
39c a p a c ity  c o s ts .
F igure  2-12 i l l u s t r a t e s  th e  so -c a l le d  " im possib le"  case in  terms 
o f two p e r io d ic a l  demands o f  equal d u ra tio n . Both Dn and Dd in te r s e c t  
th e  h o r iz o n ta l  p a r t  o f the sh o r t  run  m arginal c o s t curve SMC. In  th is  
in s tan c e  P^ -  P^ -  w and none o f  th e  c ap a c ity  c o s ts  can be recovered .
The c o n d itio n  Pn + Pd » 2(w + v) g ives w + w -  2(w + v) o r 2v -  0, which
39B oiteux, "Peak-Load P r ic in g ,"  pp. 77-78j and Meek, "An A pplica­
t io n  o f  M arginal Cost P r ic in g ,"  pp. 228-229. For a s l i g h t ly  d i f f e r e n t ,  
b u t perhaps more lu c id , e x p o s itio n  o f  the  s h i f t in g  peak case  see S te in e r  






i s  absurd . T herefo re , th is  case  dem onatrates th a t i f  a long run optim al 
so lu tio n  i s  to  be ach ieved , the  peak demand Dg must always bear a p ro ­
p o r tio n , i f  no t the whole, o f the c a p a c ity  c o s ts . 40
Up to  now i t  has been assumed th a t  the d a ily  load curve c o n s is ts
of two le v e ls ,  as in  F igu re  2 -13 , where the h e ig h t of each le v e l depends 
on the r a te  charged. In  r e a l i t y ,  o f co u rse , demand in  a time In te rv a l  i s  
a ls o  a fu n c tio n  of p r ic e s  in  o th e r  p e rio d s  and the  d a lly  load curve in ­
cludes more than  two le v e ls .  The a n a ly s is  can be e a s i ly  extended to
take in to  account th e se  f a c t s .  In  the  p rocess and through the use of 
the  load cu rve , the ad justm ent brought about by the  s u b s t i tu t io n  of peak







O IX 24 HOURS
FIGURE 2-13 
TWO-LEVEL LOAD CURVE
load p r ic in g  fo r  a t a r i f f  uniform  in  time w i l l  be shown.
Suppose th a t  a s in g le  p r ic e  g ives r i s e  to  the  s i tu a t io n  p resen ted  
in  F igure  2-14, where the  d o tte d  l in e  load curve i s  composed o f four 
equal leng th  demand in te r v a l s .  Because the peak occurs during  period  3 , 
peak load p r ic in g  would re q u ire  a r a te  in  th is  p e rio d  covering  m arginal 
energy c o s t and a l l  c ap a c ity  c o s ts .  P r ic e s  in  o th e r  p e rio d s  would be 
s e t  only a t  m arginal energy c o s t .  I f  these  r a te s  were a p p lied , the 
peak would l ik e ly  be depressed  as e l e c t r i c i t y  consumption in  period  3 
i s  r e s t r i c te d  o r s h i f te d  to  o th e r  p e rio d s . The p r ic e s  would again  have 
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FIGURE 2-14
FOUR-LEVEL LOAD CURVE BEFORE 
AND AFTER PEAK LOAD PRICING
41curve a t  a reduced cap a c ity  la  found.
Theae r a te s  a re  shown In F igure 2-15 where the  curve SMC, which 
makes AB “ FG, corresponds to  th e  optim al p la n t .  Note th a t  the p r ic e s
t
P j and cover m arginal energy c o s t and share  m arginal c ap a c ity  c o s t .  
The r a te s  P^ and P4 equal on ly  m arginal energy c o a t. The s o l id  l in e  
In F igure  2-14 re p re se n ts  th e  new load curve a f t e r  th ese  p r ic e s  have 
been s e t .
Having summarized the  s o lu tio n  to  the  peak load p r ic in g  problem, 
the  main c r i t ic is m s  th a t  have been advanced a g a in s t i t  must now be
41I b id . ,  pp. 79-82. In  a d d it io n  see Donald N. Do S a lv ia , "An 













FOUR PERIODICAL DEMANDS: OPTIMAL SOLUTION
co n sid ered . F i r s t  o f  s l l t i t  has been argued th a t  the  so lu tio n  i s  de-
term ina te  on ly  i f  th e  assum ption of uniform  m arginal p r ic e  over q u a n tity
42demanded i s  adopted . But th is  assum ption i s  h ig h ly  q u e s tio n a b le .
Since e l e c t r i c  u t i l i t i e s  o f f e r  q u a n tity  d isc o u n ts , q u a n tity  premiums,
and block t a r i f f s ,
no s in g le -v a lu e d  r e la t io n s h ip  between q u a n ti t ie s  demanded and p r ic e  
e x i s t s .  I t  becomes n ecessa ry  to  d is t in g u is h  between m arginal p r ic e  
and average p r ic e , and fo r  each m arginal p r ic e  th ere  may e x is t  
se v e ra l q u a n ti t ie s  demanded, as th e  terms of the  whole p r ic e  o f fe r  
a re  changed
Thus, the  geom etrica l s o lu t io n  to  the  peak load p r ic in g  problem becomes 
more complex.
42
?ames M. Buchanan, "Peak Loads and E f f ic ie n t  P r ic in g : Comment," 
Q u a rte r ly  Jo u rn a l o f Economics (A ugust, 1966), pp. 463-471.
43I b i d . ,  pp. 465-466.
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This p o in t la  I l lu s t r a t e d  In  F igu re  2-16 , where Mq and Mj re p re ­
se n t the  se p a ra te  m arginal p r ic e  o f f e r s  In  two p e rio d s , n ig h t and day, 
r e s p e c t iv e ly . At n ig h t ,  e l e c t r i c i t y  la  a v a ila b le  a t  a q u a n tity  d isc o u n t. 
This means th a t  m arginal p r ic e  f a l l s  as la rg e r  q u a n t i t ie s  are  purchased 
and th a t  I t  I le a  below average p r ic e  throughout the  range . During th e  
day th e  opposite  h o ld s . E le c t r i c i ty  la  a v a ila b le  only a t  a q u a n tity  
premium; m arginal p r ic e  in c re a se s  and hence exceeds average p r ic e .  Note 
t h a t ,  as c o n s tru c te d , M„ + ^  ■ UfC a t  any le v e l  of o u tp u t. Consequently, 
th e  combined t o t a l  revenue w i l l  match e x a c tly  th e  t o t a l  co st o f any given 
c a p a c ity  as long as th ia  c a p a c ity  i s  f u l ly  u t i l i z e d  du ring  both p e rio d s .
I t  w i l l  be assumed th a t  a l l  p o ss ib le  s e ts  o f r a te s  a re  analogous to  













MULTIPLICITY OF PRICE OFFERS
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The problem Is  to  f in d  a s e t  o f p r ic e  o f f e r s  such that, c ap a c ity  
ou tpu t i s  achieved a t  both n ig h t and day p e rio d s . In  F igure 2-16, Mq 
and r e s u l t  in  q u a n t i t ie s  qn and q^ taken  o f f  the  m arket. Since 
qn 1* qd » a d i f f e r e n t  p a i r  o f p r ic e  o f f e r s  must be found. Through a 
t r i a l  and e r ro r  p ro c e ss , a s a t i s f a c to r y  s e t .  such as th a t  rep re sen ted  
by and Mj, may be a rr iv e d  a t .  Note th a t  now both n ig h t and day 
custom ers d e s ire  to  purchase th e  same ou tpu t q 1, which re p re se n ts  an 
optim al system  c a p a c ity . The n ig h t m arginal p r ic e  a t  eq u ilib riu m  
Is  the same under and to  In d ic a te , as s a id  p re v io u s ly , th a t  fo r  
each m arginal p r ic e  th e re  may e x is t  se v e ra l q u a n t i t ie s  demanded, as the 
p r ic e  o f f e r s  a re  v a r ie d .
Once an e f f i c i e n t  s e t  o f p r ic e  o f f e r s  has been e s ta b lis h e d , the
so c a lle d  m arginal e v a lu a tio n  schedules fo r  the consumers of n ig h t and
day e l e c t r i c i t y  can be c o n s tru c te d . These a re  shown as and Ejj in
F igure 2-16. S p e c if ic a l ly .
th ese  curves a re  s im ila r  to ’ demand c u rv es , b u t they  are d i f f e r e n t  
In  th a t  t h e i r  uniqueness depends on th e  s p e c i f ic  p r ic e  o f fe rs  in  
b e in g . And th e re  w i l l  be a d i f f e r e n t  s e t  o f m arginal e v a lu a tio n  
curves fo r  each se p a ra te  s e t  of p r ic e  o f f e r s .  I t  i s  fo r  th is  
reason  th a t  m arginal e v a lu a tio n  cu rves, o r "demand c u rv e s ."  Inde­
penden tly  d e riv e d , cannot be employed to  " f in d "  e q u ilib riu m  
c ap a c ity  o r op tim al m arginal p r ic e s
In  sum. q* i s  ju s t  one o f the many p o ss ib le  c a p a c ity  o u tp u ts  a t  
which the consumption o f n ig h t and day e l e c t r i c i t y  can be equated . 
Furtherm ore, any such ou tpu t q* can be a t ta in e d  during  both periods 
w ith  d i f f e r e n t  s e ts  o f p r ic e  o f f e r s ,  lea d in g  to  a m u lt ip l ic i ty  of d i s ­
t r ib u t io n s  o f the t o t a l  c o s t .  Any of th ese  s e t s ,  such as and 
lead in g  to  E^ and E j .  could re p re se n t the . peak load  p r ic in g  so lu tio n .
^ I b l d . ,  p. 469.
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Hence, the  s o lu t io n  Is  unique on ly  I f  th e  assum ption o f u n ifo rm ity  In
A 5
m argins1 p r ic e  over q u a n tity  demanded la  g ran te d .
The second c r i t ic i s m  th a t  can be lev ied  a g a in s t th e  peak load 
a n a ly s is  i s  t h a t ,  being  an a p p lic a t io n  o f m arginal c o s t p r ic in g , I t  
n e g le c ts  the  d e f i c i t  th a t  w i l l  a r i s e  under c o n d itio n s  o f decreasing  long 
run  average c o s t .  The d i f f i c u l t i e s  a sso c ia te d  w ith  th i s  d e f i c i t  have 
been a lread y  d i s c u s s e d T h e  th i r d  and f i n a l  c r i t ic i s m  considered  here 
i s  th a t  in  some cases peak load p r ic in g  Involves p r ic e  d isc r im in a tio n , 
u n le ss  sh o r t run  m arginal c o s t I s  in te rp re te d  in  an o p p o rtu n ity  c o s t 
s e n se ^
D isc rim in a tio n  is  no t apparen t s in ce  i t  has been sa id  th a t  under 
peak load p r ic in g  a l l  r a te s  charged equal sh o r t  run m arginal c o a t. 
Optimal p la n t  c ap a c ity  i s  determ ined by a comparison of the sum of these  
r a t e s  and th e  re le v a n t long run  m arginal c o s t .  The ca tch  l i e s  in  th a t 
sh o r t  run  m arginal c o s t I s  inde term ina te  a t  c ap a c ity  o u tp u t, i . e . ,  " a t  
system  c ap a c ity  sh o rt run  m arginal co s t I s  defined  to  equal w hatever 
p r ic e  i s  n ecessa ry  to  equate demand w ith  c a p a c ity  output."^®  I f  only
^ B u ch an an 's  argument has been extended w ith  the a id  of in d i f f e r -  
ence curves by Andrrf Cabor in  "Peak Loads and E f f ic ie n t  P r ic in g : F u rth e r 
Comment," Q u a rte rly  Jo u rn a l o f Economics (August, 1966), pp. 472-480.
^®See pp. 28-33 above.
^ B o ite u x  did n o t m ention p r ic e  d isc r im in a tio n  in  b i s  a n a ly s is  
b u t S te in e r  s p e c i f ic a l ly  adm itted  i t  e x is te d  in  the  m u ltip le  peak s i t u ­
a t io n .  See S te in e r ,  "Peak Loads and E f f ic ie n t  P r ic in g ,"  p . 590. H irsh - 
l e i f e r ,  on th e  o th e r  hand, has been th e  main su p p o rte r o f the  opposite  
p o in t o f view , i . e . ,  th a t  peak load p r ic in g  does n o t involve d isc rim in ­
a t io n  I f  "by c o s t  we u l t im a te ly  mean the  moat v a lu a b le  a l te r n a t iv e  
fo rg o n e :"  H ir s h le i f e r ,  "Peak Loads and E f f ic ie n t  P r ic in g : Comment," 
p . 457.
^ H e rb e r t  Mohrlng, "The Peak Load Problem w ith  In c reas in g  R eturns 
and P r ic in g  C o n s tra in ts ,"  Aawrlcan Economic Review (Septem ber, 1970), 
p . 694.
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one demand in te r s e c ts  th e  v e r t i c s l  p o r t io n  of the SMC curve , I t  i s  
c le s r ly  the  peek demand end i t  i s  charged th e  f u l l  m arginal c o s t o f 
c a p a c ity . In  th is  s i tu a t io n  th e re  i s  no p r ic e  d isc r im in a tio n . I f ,  how­
e v e r, f u l l  c ap a c ity  i s  u t i l i s e d  in  two or more p e rio d s , " th en  each perlo^
shares the m arginal c ap a c ity  co a t and the p e riod  w ith  th e  g re a te r  a c tu a l
A9demand g e ts  charged the  la rg e r  sh a re . This i s  a case o f d isc r im in a tio n , 
ag a in  provided th a t  the excess of p r ic e  over m arginal energy c o s t in  each 
peak p e rio d , i . e . ,  the  v e r t i c a l  p o r t io n  o f the  SMC fu n c tio n , i s  no t 
defined  as economic re n t  imputed to  the  sca rce  p la n t  capacity*
The two s i tu a t io n s  have a c tu a l ly  been i l l u s t r a t e d  g ra p h ic a lly .
A n o n -d isc rim in a to ry  example i s  shown in  F igure  2 -9 . Both p r ic e s  a re  
determ ined by the  in te r s e c t io n  o f the  demand curves and sh o rt run 
m arginal c o s t .  The o ff-p eak  o r n ig h t p e rio d  i s  charged a p r ic e  Pn equal 
to  m arginal energy c o s t w. Since the  peak o r  day demand i s  so le ly  
re sp o n s ib le  fo r  c a p a c ity , th e  peak p r ic e  c o r r e c t ly  covers m arginal 
energy co s t w p lu s  the  e n t i r e  m arginal c ap a c ity  c o s t 2v. A case of 
d isc r im in a tio n  occurs in  F igu re  2-15. The o ff-p eak  demands and 
a re  a p p ro p r ia te ly  charged a p r ic e  equal to  m arginal energy c o s t .  On 
the  o th e r  hand, each of th e  peak p r ic e s  P2 and P3 covers m arginal energy 
co a t and sh a res  m arginal c ap a c ity  c o s t .  Although th e  sum of P j and P^ 
c o r re c t ly  in c lu d es the t o t a l  m arginal c a p a c ity  c o s t ,  th is  co s t is  
a llo c a te d  " In  p ro p o rtio n  to  the i n te n s i t i e s  . . .  o f  the  two demands 
above the  h o r iz o n ta l  w."^® The h ig h er demand Dj i s  charged the  la rg e r  
sh a re . This i s  p r ic in g  in  accordance to  demand o r "what the t r a f f i c
49
Pressman, "The Peak-Load P r ic in g  Problem ," p . 323. 
50B oiteux, "Peak-Load P r ic in g ,"  p . 78.
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w i l l  bear"  r a th e r  than  acco rd ing  to  c o a t . Thue, unleaa one accep ta  the  
o p p o rtu n ity  co a t argum ent, i t  ia  a caee o f d ie c r im in a tio n . " I t  would 
th e re fo re  be open to  anyone who claim ed th a t  aome o th e r  method of 
a l lo c a t in g  overheads was more c o n s is te n t  w ith  the  b asic  theory  o f mar­
g in a l coat p r ic in g  to  say of B o lte u x 's  a n a ly s is  a t  t h i s  p o in t:
C 'e s t  m agnlfique, mais ce n 'e s t  pas la  t a r l f i c a t i o n  au co&t m arg inal.
5Hteek, "An A p p lica tio n  o f M arginal Coat P r ic in g ,"  p . 236.
CHAPTER 111
ELECTRICITY COST: A SURVEY OF THE EMPIRICAL EVIDENCE
The abundance of pub lished  data  fo r  e l e c t r i c  u t i l i t y  p la n ts  and 
firm s has made th is  in d u s try  a f e r t i l e  f i e ld  of resea rch  fo r  econom ists 
In te re s te d  in  the v e r i f i c a t io n  o f c o s t th eo ry . Numerous s t a t i s t i c a l  
and a n a ly tic a l  in v e s tig a tio n s  have examined c o s ts  in  the e l e c t r i c  power 
In d u stry  reach ing  v a rio u s  conclusions w ith  re sp e c t to  the shape of the 
d i f f e r e n t  cu rves. I t  i s  the  aim o f th i s  ch ap te r to  review  the methods 
and r e s u l t s  o f these p rev ious s tu d ie s  in  o rder to  f i r s t ,  i l l u s t r a t e  the  
com plexity of the to p ic  and second, show th a t  fo r  th e  purposes a t  hand 
fu r th e r  work i s  needed in  th is  a rea  as th ese  in v e s tig a tio n s  su ffe red  in  
a conceptual as w e ll as in  an em p irica l sense .
To f a c i l i t a t e  th e  understand ing  o f  the  l i t e r a t u r e ,  th e  chap ter 
begins w ith  a d isc u ss io n  o f  the n a tu re  o f e le c t r i c  u t i l i t y  c o s ts .
Because em p irica l evidence on c o s t can be ob tained  from e i th e r  c o s t o r 
p roduction  d a ta , s tu d ie s  o f both c o s t and p roduction  fu n c tio n s in  the 
e le c t r i c  power in d u s try  a re  then  review ed. F in a lly ,  by c lo s in g  w ith  a 
r e c a p i tu la t io n  of the  p r in c ip a l  shortcom ings of th ese  works, the  ch ap ter 
c le a r ly  J u s t i f i e s  the  a d d itio n a l re sea rch  undertaken h e re .
The N ature of E le c t r ic  U t i l i t y  C osts
In  supplying e l e c t r i c i t y  to  th e  f in a l  consumer th ree  d i f f e r e n t  
fu n c tio n s must be perform ed: g e n e ra tio n , tran sm iss io n , and d i s t r ib u t io n .1'
^These fu n c tio n s a re  described  in  Chapter I ,  pp. 2 -3 .
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A ccordingly , annual a l a c t r l c  u t i l i t y  c o a ts  may be c la s s i f i e d  as genera* 
t l o n ,  tran sm iss io n , and d is t r ib u t io n  c o s ts .  On the average , g en e ra tio n  
c o a ts  account fo r  approxim ately  50 per cen t o f the t o t a l .  Transm iaalon 
com prises about 10 p e r cen t and the  rem aining 40 per cen t a re  d i s t r ib u ­
t io n  c o s ts .  Each o f these  c o s ts  c a te g o r ie s  can in  tu rn  be d iv ided  In to  
two components: (a )  the  annual f ix ed  c h a rg e s - - In te re s t  o r  c o s t of money,
d e p re c ia tio n  o r a m o rtiz a tio n , In te rim  rep lacem ents, In su ran ce , and ta x e s - -  
expressed  as a percen tage  of th e  t o ta l  Investm ent In  land , s t ru c tu re s ,  
and equipment; and (b) the  annual o p e ra tio n  and m aintenance expenses
2
covering  e s s e n t ia l ly  the c o s ts  o f m a te r ia ls ,  su p p lie s , la b o r , and fu e l .
Although th is  c l a s s i f i c a t io n  Is  adequate f o r  eng ineering  and 
accoun ting  purposes, I t  does n o t have much re levance  from an economic 
v iew po in t. Consequently, In  t r a d i t io n a l  economic a n a ly s is  o f e le c t r i c  
u t i l i t i e s  the  fo llow ing  d iv is io n  o f c o s t i s  used: (a )  energy o r output
c o s ts ,  (b) c a p a c ity  or demand c o s ts ,  and (c )  customer or consumer c o s ts .
Energy c o s ts  v a ry  w ith the  q u a n tity  of e l e c t r i c i t y ,  ch a t Is  w ith
th e  number of k ilo w a tt-h o u rs  produced. These c o s ts  a re  la rg e ly  made up
of fu e l and la b o r  expenses. C apacity  c o s ts  a re  a fu n c tio n  of the
3
maximum or peak demand In  k i lo w a t ts .  Since in c re ases  in  the peak demand
2
F edera l Power Commission, N atlona l Power Survey. P a r t  I ,  p . 282.
A k ilo w a tt-h o u r (kwh) i s  a u n i t  o f e l e c t r i c  energy . I t  measures 
th e  ou tpu t of e l e c t r i c i t y  generated  o r consumed and th u s , i t  i s  analogous 
to  o th e r  measures o f q u a n ti ty  such as a g a llo n  of w ater o r a cubic fo o t 
o f g as. A k ilo w a tt  (kw) i s  a- u n i t  o f  e l e c t r i c  power. I t  measures the  
r a te  a t  which e l e c t r i c i t y  i s  being  generated  o r consumed. For example, a 
l i g h t  bulb ra te d  a t  0.150 k ilo w a tts  (150 w a tts )  consumes 0.150 of a k i lo ­
w a tt-h o u r during  each hour I t  i s  used . I f  operated  fo r  te n  h o u rs , 1.5 
k ilo w a tt-h o u rs  o f e l e c t r i c i t y  would be consumed (10 X 0.15 ■ 1 .5 ) .  The 
r e la t io n s h ip  between a kwh and a kw o r between energy and power th e re fo re  
is  one of tim e. Energy equals  power m u ltip lie d  by tim e; and power equals 
energy d iv ided  by tim e.
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on the  syetem re q u ire  a d d it io n a l 'c a p a c i ty ,  these  coa ta  c o n s is t  o f in ­
vestm ent expenses r e la te d  to  g en era tin g  p la n ts ,  tran sm iss io n  l in e s ,  
s u b s ta t io n s , and p a r t  o f the  d i s t r ib u t io n  system . L a s tly , customer 
c o s ts  depend upon the number of consumers se rv ed . They Include a p o r t lo r  
o f the genera l d is t r ib u t io n  system , lo c a l  connection  f a c i l i t i e s ,  m etering  
equipm ent, m eter rea d in g , b i l l i n g ,  c o l le c t in g ,  and accoun ting .
In  conclu sion , the  t o t a l  c o s t o f an e l e c t r i c  u t i l i t y  i s  a func­
t io n  o f o u tp u t, peak demand o r c a p a c ity , and number o f custom ers. Depend­
ing  upon w hether c ap a c ity  rem ains f ix ed  or v a r ie s ,  the t o t a l  c o s t i s  
e i th e r  sh o rt run  o r long ru n . But in  a d d it io n , o th e r  fa c to r s  in fluence  
the  t o t a l  c o s t  of e l e c t r i c i t y  supp ly . The fo llow ing a re  perhaps the  most 
s ig n i f ic a n t ,  a lthough  the l i s t  i s  n o t a l l - in c lu s iv e :  resou rce  p r ic e s ,
technology, and type of fu e l  u sed . The em p irica l evidence on a l l  of 
th ese  v a r ia b le s  a f fe c t in g  c o s t i s  considered  n e x t.
Cost Punction  S tu d ies
(1) J .  A. NORDIN
Nordin was In te re s te d  in  f in d in g  the re la t io n s h ip  between t o ta l
A
fu e l  co s t and ou tpu t In  a coal u sin g  e l e c t r i c  l ig h t  and power p la n t .
The data  covered 541 e ig h t-h o u r  s h i f t s  in  s ix  months of 1941. He ob tained  
the  fo llow ing equation :
Y -  16.68 + 0.125X + 0.00439X2 
where Y i s  t o t a l  fu e l  c o s t  fo r  an  e ig h t-h o u r p e rio d  and X i s  e ig h t-h o u r 
t o t a l  ou tpu t in  per c en t o f c a p a c ity . V ariance a n a ly s is  showed th a t  th is  
was a s ig n i f ic a n t  Improvement on a l in e a r  r e l a t io n ,  bu t th a t  a th l r d -
4J .  A. N ordin, "Note on a L ig h t P la n t 's  Cost C urves,"  Econometrlca 
( J u ly ,  1947), pp. 231-235.
degree fu n c tio n  d id  n o t improve the  f i t .  The aquation  im plied th e t  the 
m arginal fu e l  coa t r e le t lo n a h lp  was an upward e lo p in g  s t r a ig h t  l in e .
For the purposes o f the c u rre n t s tu d y , Nordin*s p ioneer work on 
e l e c t r i c i t y  g en e ra tio n  i s  Inadequate in  th a t  i t  r e f e r s  e x c lu s iv e ly  to  
fu e l c o s ts  In  only  one e l e c t r i c  p la n t .
(2) J .  B. LANSING
The purpose o f  L an s in g 's  study was to  in v e s tig a te  th e  long run 
average c o s t curves fo r  steam  e le c t r i c  p la n ts ,  i . e . ,  the re la tio n s h ip s  
between the s iz e  o f those p la n ts  and the c o s t pe r k ilc w a tt-h o u r  of 
g en era tin g  e l e c t r i c i t y . ^  A c ro s s - s e c tio n a l  sample c o n s is tin g  of 90 
p la n ts  owned by c la s s e s  A and B e l e c t r i c  u t i l i t i e s  and op era tin g  In 1945 
was used . Throughout the  study  Lansing emphasized the  word " in v e s tig a te "  
he d id  n o t t r y  to  rev e a l the  long run  average c o s t curves of theo ry  but 
a ttem pted  to  uncover the  p r in c ip a l  o b s ta c le s  to  the d iscovery  o f such 
cu rv es. His r e a l  o b je c tiv e  was to  remove enough o f these  b a r r ie r s  to  
shed some l ig h t  upon th e  curves them selves.
G raph ical a n a ly s is  o f d e f la te d  u n i t  c o s ts ,  ad ju s ted  to  o p e ra tio n  
a t  an average of 50 p e r  cen t of c a p a c ity , and s iz e  o f p la n t allowed 
Lansing to  conclude th a t  economies o f  sc a le  a re  l ik e ly  to  be exhausted 
a t  a medium s iz e  g iv in g  r i s e  to  a h o r iz o n ta l  long run  average c o s t 
fu n c tio n . S p e c if ic a l ly ,  he determ ined th a t  steam  e le c t r i c  p la n ts  tend 
to  become more e la b o ra te  over 75,000 k i lo w a tts ,  w ith  the  r e s u l t  th a t  
investm ent p e r k ilo w a tt  shows l i t t l e  o r no tendency to  d e c lin e . The
^John B. L ansing , "An In v e s t ig a tio n  in to  the Long Run Cost Curves 
fo r  Steam C e n tra l S ta tio n s"  (unpublished  Ph.D. d i s s e r ta t io n ,  Harvard 
U n iv e rs ity , 1948), p . 1.
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im p lic a tio n  of th is  f in d in g  fo r  m arginal co a t p r ic in g  la  c le a r .  For 
medium o r  la rg e  s i s e  p la n ts ,  long  run  m arginal c o s t equals  long run  
average c o s t and th e re fo re  th i s  type o f p r ic in g  would no t cause an 
economic lo s s .
With re s p e c t to  th e  o b je c tiv e s  of the  p re se n t Inqu iry  L an s in g 's  
In v e s t ig a tio n  s u f f e r s  from a number o f shortcom ings. F i r s t ,  I t  la  
lim ite d  to  g en e ra tio n  c o s ts , t h a t  I s ,  tran sm iss io n  and d i s t r ib u t io n  
c o s ts  a re  n o t co n sid ered . Second, the  u n i t  o f  o b se rv a tio n  i s  th e  p la n t 
and no t the  firm.** F in a lly ,  a lthough  Lansing accounted fo r  th e  e f f e c t  
o f u t i l i z a t i o n  of c a p a c ity  and reso u rce  p r ic e s  on e l e c t r i c i t y  c o s t ,  he 
d id  n o t adequate ly  c o rre c t  fo r  tec h n o lo g ic a l changes. Since the p la n ts  
in  h i s  sample were b u i l t  over a number of y e a rs , h is  long run  average 
c o s t curve r e f l e c t s  th e  in flu e n ce  n o t only o f  sc a le  bu t a ls o  of 
techno logy .
(3) K. S. LOMAX
Using c ro s s - s e c tio n a l  d a ta  Lomax attem pted  to  e stim ate  th e  long 
run  average c o s t fu n c tio n  fo r  e l e c t r i c i t y  g en e ra tio n  in  two reg io n s  of 
the  U nited Kingdom. 7 His sample c o n s is te d  o f  37 steam  e le c t r i c  p la n ts  
o p e ra tin g  fo r  more th an  6 ,600 hours In  1947-48. Lomax found th a t  func­
tio n s  l in e a r  In  th e  logarithm s gave the  b e s t  r e s u l t s :
I t  should be remembered th a t  th e  e l e c t r i c  u t i l i t y  firm  in  genera l 
i s  comprised of se v e ra l p la n t s ,  and each p la n t  In  tu rn  I s  composed of 
one o r  more g en e ra tin g  u n i t s .  The econom ically  re le v a n t e n t i ty  fo r  c o s t 
a n a ly s is  must be the  firm  s in c e  i t  I s  a t  th e  le v e l  o f the  firm  th a t  
p r ic in g  d e c is io n s  a re  made.
7K. S. Lomax, "Cost Curves fo r  E le c t r i c i ty  G en era tio n ,"  gconomlca 
(May, 1952), pp. 193-197.
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_  - 0.12 -0 .41  
Y cC  *2 North-W est
*  —  .-0 -1 5  -0 .7 0T C  Xj X2 South-Host
where Y I s  o p e ra tio n  and m aintenance coat per k ilo w a tt-h o u r genera ted ,
la  cap a c ity  o f  g e n e ra to rs  in  k tlo w a tta , X2 la  the  load f a c to r ,  and
the symbol OC denotes p ro p o r t io n a li ty .  The load  f a c to r  v a r ia b le ,  defined
as the  r a t i o  between the average load over th e  year and the peak demand,
waa included  in  the b e l ie f  th a t  the  c h a ra c te r  o f the load on a p la n t
produces d if fe re n c e s  in  u n i t  c o s ts —"the  lower w i l l  be the  c o s t the
O
more uniform  i s  th e  demand."
The equations in d ic a te  th a t  fo r  a given load  fa c to r  u n i t  c o s ts  
f a l l  as the  s iz e  o f p la n t In c re a se s , and w ith given s iz e  o f p la n t u n i t  
c o s ts  f a l l  as the load f a c to r  in c re a se a . However, these  r e s u l t s  must 
be in te rp re te d  w ith  c a u tio n . Lomax lim ite d  h is  study  to  the o p e ra tio n  
and m aintenance co a ts  of e l e c t r i c i t y  g e n e ra tio n , i . e . ,  f u e l ,  m a te r ia ls ,  
and la b o r . Investm ent expenses were excluded . Furtherm ore, as in  
L an s in g 's  in v e s tig a t io n , p la n ts  were used In th e  sample and th e se  d i f ­
fe re d  considerab ly  in  the  time when they  were b u i l t .  Thus, th e  d ecreas­
ing  long run  average co sta  th a t  Lomax ob tained  may be th e  r e s u l t  not 
only o f economies o f sc a le  but a ls o  o f tec h n o lo g ic a l improvements in  
the g en era tio n  of e l e c t r i c i t y .
(4) J .  McNULTY
U ti l iz in g  1949 data  from 99 e l e c t r i c  u t i l i t i e s  belonging to  
c la s s e s  A and B, McNulty in v e s tig a te d  the r e la t io n s h ip  between
8I b i d . ,  pp. 194-195
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Q
a d m in is tra tiv e  c o s ts  and s l s e  o r  s c a le  o f o p e ra tio n s . The a n a ly s is  
was rep ea ted  fo r  91 companies in  1953. D efining Y as t o t a l  a d m in is tra ­
t iv e  c o s t and X as v a lue  of p la n t  le s s  d e p re c ia tio n , McNulty ob tained  
the  fo llow ing  r e s u l t s :
Y -  -0 .1  + 0.024X 1949
Y -  0 .1  + 0 .0 2 IX 1953
The co n stan t terms were no t s ig n i f ic a n t ly  d i f f e r e n t  from zero  and the  
a p p lic a tio n  of the F t e s t  d id  no t r e j e c t  the  l in e a r i t y  h y p o th es is .
For th e  needs of the p re se n t s tu d y , M cNulty's trea tm en t i s  
obv iously  inadequate in  th a t  i t  i s  confined  to  a d m in is tra tiv e  c o s ts , 
i . e . ,  a l l  management and su p e rv is io n  expenses in cu rred  in  th e  g e n e ra tio n , 
tran sm iss io n , and d i s t r ib u t io n  o f e l e c t r i c i t y .  In  a d d it io n , h is  measure 
o f  sc a le  o f o p e ra tio n s  (v a lu e  of p la n t  le s s  d e p re c ia tio n ) , being  a d o l la r  
q u a n ti ty , r e f l e c t s  d if fe re n c e s  in  the  p r ic e  o f c a p i ta l  pa id  by th e  
firm s.
(5 ) J .  JOHNSTON
Johnston  a ttem pted  to  d e riv e  th e  s h o r t  run and long run  c o s t 
curves fo r  e l e c t r i c i t y  g e n e ra tio n  on th e  b a s is  of a sample o f 40 firm s 
in  the  U nited K i n g d o m . T i m e  s e r ie s  da ta  covering a p eriod  ex tending  
from 1928 to  1947 was used . Short run  c o s t fu n c tio n s  were estim ated  fo r  
each o f the 17 firm s whose I n s ta l le d  c a p a c ity  d id  not change during  
the 20 year p e rio d ; long ru n  c o s t curves were e stim ated  fo r  the  23 firm s
9
James McNulty, "A dm in is tra tive  C osts and Scale o f O perations in  
the  U. S. E le c t r ic  Power In d u s try ,"  Jo u rn a l o f  I n d u s t r ia l  Economics 
(November, 1956), pp. 30-43.
10J .  Johnston , S t a t is t ic a l  Cost A nalysis (New York: McGraw-Hill
Book Company, I n c . ,  1960), pp . 44-73.
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whose cap a c ity  d id  change. The study was e s s e n t ia l ly  lim ite d  to  the  
working or o p e ra tio n  and m aintenance c o s ts  o f e l e c t r i c i t y  g en e ra tio n .
There was no a v a ila b le  da ta  on the  Investm ent o r c a p i ta l  c o s ts  of the 
f i rm s .H
The sh o rt run co s t fu n c tio n  was of th e  form
Y ■ a + bX + cX2 + dT 
where Y la  to ta l  d e f la te d  working c o a t; X Is  annual o u tp u t; T Is  tim e; 
and a , b , c , d a re  the param eters to  be e s tim a ted . The v a r ia b le  T was 
Included In  o rder to  tak e  In to  c o n s id e ra tio n  a l l  th e  f a c to r s  th a t  a f f e c t  
c o s ts  over th e  y ears--o b so lescen ce  o f p la n t ,  changed management techn iques 
and production  methods, and so on.
For only  5 of the 17 sh o r t  run  c o s t fu n c tio n s  the  c o e f f ic ie n t  
of X? was s ig n i f ic a n t ly  d i f f e r e n t  from zero  a t  the  5 per cen t le v e l .  
Furtherm ore, fo r  4 of th ese  5 fu n c tio n s the c o e f f ic ie n t  had a nega tive  
s ig n , c o n tra ry  to  the th e o re t ic a l  ex p ec ta tio n  which p o s tu la te s  In c re a s ­
ing average v a r ia b le  and m arginal c o s t fu n c tio n s  fo r  a q u a d ra tic  to ta l  
c o s t cu rve . Johnston then  concluded th a t  in  the sh o r t  run  the  t o t a l  
c o s t fu n c tio n  Is  l in e a r  w ith co n stan t average v a r ia b le  and m arginal c o s t 
cu rves. The average t o t a l  c o s t curve a t  f i r s t  f a l l s  and then  f l a t t e n s  
out tend ing  a sy m p to tica lly  toward the co n stan t m arginal c o s t  l i n e .  The 
c o e f f ic ie n t  o f T was s ig n i f ic a n t  in  7 o f the  12 t o t a l  co s t equations 
co n ta in in g  only a s in g le  l in e a r  term in  o u tp u t. In  th e  m a jo rity  o f 
th ese  re la tio n s h ip s  I t s  s ig n  was p o s it iv e  " In d ic a tin g  a predominance of
^ Jo h n s to n  used evidence from a c ro s s -s e c tio n a l  sample o f  over 100 
U. S. firm s in  1947 to  conclude th a t  average c a p i ta l  c o s ts  f a l l  r a th e r  
sh a rp ly  a t  f i r s t ,  bu t then  become co n stan t as ou tpu t v a r ie s  over a wide 
range o f  d i f f e r e n t  s c a le s  o f p la n t .  I b i d . ,  p . 71.
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those  fa c to r s  such as p la n t obso lescence, e t c . ,  making fo r  an  in c rease  
in  c o a ts .
A s im ila r  a n a ly s is  was c a r r ie d  out In  order to  e s tim a te  the  long 
run  c o s t curves of th e  23 firm s whose c a p i ta l  equipment changed during 
the  period  s tu d ie d . Assuming th a t  as I n s ta l le d  cap a c ity  v a r ie d  over 
time th e  f irm  opera ted  on th e  long run t o ta l  c o s t envelope of the  sh o rt 
run  t o t a l  c o s t cu rv es, Johnston concluded th a t  a re g re ss io n  o f  t o ta l  co st 
on ou tpu t over time was t r u ly  an e s tim a te  o f the  long run t o t a l  c o s t 
fu n c tio n  fo r  the f irm . A ccordingly , h is  long run  trea tm en t used an 
eq u a tio n  of e x a c tly  th e  same form as th a t  of the  sh o r t  run  c o s t curve.
The r e s u l t s  supported  the conclusion  th a t  In  th e  long run the 
t o t a l  c o s t fu n c tio n  i s  m ainly l in e a r  In  ou tpu t X, w ith  or w ithou t a 
s ig n i f ic a n t  term in  time T. Long run  average c o s t, a f t e r  a s te ep  i n i t i a l  
f a l l ,  approxim ates the  co n stan t long run  m arginal c o s t l in e  over the 
m ajor p a r t  o f the range o f p o ss ib le  o u tp u ts . Hence, Jo h n s to n 's  long run 
f in d in g s  a re  in  s u b s ta n t ia l  agreement w ith  those  reached by Lansing in  
h is  e a r l i e r  study  of e l e c t r i c i t y  g e n e ra tio n  in  the  U nited S ta te s .  Both 
au th o rs  d e riv e  an e s s e n t ia l ly  c o n s tan t long ru n  average co s t curve, 
which i s  com patible w ith  a l in e a r  homogeneous p roduction  fu n c tio n  fo r  
steam  e l e c t r i c  g e n e ra tio n .
Jo h n s to n 's  sh o r t  and long run  r e s u l t s  lend support to  the 
hypo thesis  th a t  m arginal c o s t p r ic in g  could be p ra c tic e d  w ithou t a 
d e f i c i t .  However h is  s tu d y , b esid es  be ing  lim ite d  to  the working c o s ts  
of e l e c t r i c i t y  g e n e ra tio n , can be su b jec ted  to  a number of c r i t ic is m s  
a r i s in g  from the absence o f c e t e r i s  paribus c o n d itio n s . Hie e f f e c ts
12I b i d . ,  p . 55.
on co a t of changes In  th e  degree of c ap a c ity  u t i l i z a t i o n  were n o t con­
s id e re d . The trea tm en t o f technology wee Inadequate . No allowance was 
made fo r  the  f a c t  th a t  new g e n era to rs  re p la c in g  or adding to  e x is t in g  
c a p a c ity  could d i f f e r  from th e  o ld  ones in  therm sl e f f ic ie n c y  and type 
o f fu e l  u sed . The average age o f equipment was no t considered . While 
s p e c if ic  v a r ia b le s  could have been in troduced  to  account fo r  these  
f a c to r s ,  Johnston  chose to  mske the dubious assum ption th a t  th e i r  over­
a l l  in flu en ce  v a r ie s  slow ly and smoothly over th e  y e a rs . Thus the 
in c lu s io n  of time as an a d d it io n a l  exp lanato ry  v a r ia b le  in  the c o s t 
e q u a tio n s . In  conclusion , these  c r i t ic is m s  of Jo h n s to n 's  study  show 
th a t  many improvements in  h is  e s tim a tio n  o f the  c o s t curves fo r  e le c ­
t r i c i t y  g en era tio n  are  p o s s ib le ,  as he d id  no t su c c e s s fu lly  c o rre c t  fo r  
th e  com plexity o f  the  in te ra c t io n s  o f f a c to r s  in  th e  c e t e r i s  p a rib u s  
c la u se .
( 6) W. ItJLO
The prim ary purpose of I u lo 's  work was to  determ ine which o f a 
number o f  h i s t o r i c a l ,  o p e ra tin g , and m arket fa c to rs  of p r iv a te ly  owned 
e le c t r i c  u t i l i t i e s  were r e la te d  to  t h e i r  u n i t  c o s t s . C r o s s - s e c t i o n a l  
an a ly ses were c a r r ie d  ou t fo r  each of the  y ears  1952 through 1957 on 
the  b a s is  o f  a sample o f  over 160 c la s s  A and B firm s. The fo llow ing 
seven v a r ia b le s ,  l i s t e d  in  decreasing  o rd e r o f im portance, were found 
to  be l in e a r ly  r e la te d  to  average e l e c t r i c  c o s ts :  consumption per
r e s id e n t ia l  custom er, d i s t r ib u t io n  among consumer c la s s i f i c a t io n s ,  
h y d ro -e le c tr ic  fu e l c o s ts ,  c a p a c ity  u t i l i z a t i o n ,  s te a m -e le c tr ic  fu e l
13V llllam  Iu lo , E le c t r ic  Ut 11 i t i e s — C osts ajig Performs nee (Pullm an: 
W ashington S ta te  U n iv e rs ity  P re s s , 1961), p . 160.
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c o s ts ,  consumption p s r  com asrcIs1 and In d u s tr ia l  custom er, and ty p ic a l  
s iz e  o f s te a m -e le c tr ic  g en era tin g  s ta t io n s .
I u lo 's  study  was n o t addressed  to  the  d e te rm in a tio n  of the cost 
fu n c tio n s  o f economic theo ry  bu t to  an exp lanation  o f why u n i t  co sts  
d if f e re d  among in v e s to r  owned e le c t r i c  u t i l i t y  f irm s . He made no im p lic i t  
o r e x p l i c i t  assum ptions about the  n a tu re  of the p roduction  p ro cess . 
M oreover, h i s  sample was n o t s a t i s f a c to r y  fo r  the  purposes of t h i s  r e ­
se a rc h . Two reasons can be c i te d .  F i r s t ,  i t  included only f in e s  th a t
s e l l  e l e c t r i c i t y  to  each o f  the  th re e  main c la s s e s  o f  custom ers: r e s i ­
d e n t ia l ,  co tnaerc la l, and in d u s t r i a l .  Cost d if fe re n c e s  a r is in g  from
s a le s  to  only one o r two of these  consumer c a te g o rie s  could n o t be
accounted fo r .  Secondly, the  firm s in  the  sample used e i th e r  o r both 
main methods of g en e ra tin g  e l e c t r i c i t y :  h y d ro e le c tr ic  and steam o r
therm al g e n e ra tio n . Hence, tech n o lo g ica l d if fe re n c e s  v i t i a t e d  I u lo 's  
c o s t r e s u l t s .
(7) S. LING
The o b je c tiv e  o f L in g 's  study  was " to  c o n s tru c t and analyze c o s t 
fu n c tio n s  fo r  s te a m -e le c tr ic  power g e n e ra tin g  systems based on an ana­
l y t i c a l  model which s im u la tes  a ty p ic a l  la rg e  u t i l i t y  system in  the 
U nited S ta te s ,  u sin g  a s e t  of s p e c if ic  eng ineering  c o s t e s tim a te s ,
1 /
assum ptions as to  tec h n o lo g ic a l r e la t io n s  and development p a t te r n s ."
His trea tm en t th e re fo re  was of an ex an te  n a tu re  and thereby  c o n tra s te d  
w ith  the s t a t i s t i c a l  o r  ex p o st approach used in  the  o th e r  works reviewed 
h e re .
^ S o i l i n g  L ing , Economies of Scale in  the  S team -E lec tric  Power 
G enera ting  In d u s try  (Amsterdam: N orth-H oIland P u b lish in g  Company, 1964),
p . 1.
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The model s e le c te d  fo r  c o n s id e ra tio n  wee a b a a lc  g en era tin g
system  w ith  ag g reg a te  c a p a c ity  o f 2 ,500 m egawatts, c o n s is tin g  o f 10 u n its
15of 50, 12 u n i ts  o f 100, and 4 u n i ts  o f  200 m egawatts. Annual in v e s t­
ment and o p e ra tio n  and m aintenance c o a ts  fo r  d i f f e r in g  degrees o f c ap ac ity  
u t i l i s a t i o n  were ob ta in ed  from te c h n ic a l so u rces . The system was then  
allowed to  In c rease  from 2,500 to  13,700 megawatts fo llow ing  an optim al 
expansion p a t te r n  developed by e l e c t r i c a l  e n g in e e rs . At se v e ra l system  
s iz e s  in  t h i s  range c o s ts  were again  e stim ated  fo r  u t i l i z a t i o n  or load 
f a c to r s  va ry ing  between 40 and 100 per c e n t.
T his method of a n a ly s is  r e s u l te d  in  a s e t  of d a ta  r e la t in g  c o s t ,  
s iz e ,  and load f a c to r .  From th i s  in fo rm ation  the fo llow ing  average c o s t 
fu n c tio n  was d e riv ed :
£ m 5534, g—0.1688jj —1.8406 + 0.1428 InN
where C “ annual average g en e ra tin g  c o s t in  m ills  per k llc w a tt-h o u r ,
S ■ system  In s ta l le d  c ap a c ity  in  m egawatts, and 
N ■ system  load f a c to r  In  per c e n t .
Ling m u ltip lie d  th is  eq u atio n  through by ou tpu t to  o b ta in  t o t a l  c o s t .
The p a r t i a l  d i f f e r e n t i a t io n  of th e  l a t t e r  w ith  re sp e c t to  cap a c ity  and
ou tpu t y ie ld ed  m arg inal c a p a c ity  and energy c o s t fu n c tio n s .
The n e g a tiv e  exponent o f S in d ic a te d  th a t  average g en era tin g
c o s t decreased  as system  s iz e  In c reased . The exponent o f N ranged from
-1.1831 to  -1 .3146 ev a lu a ted  a t  N > 100 and N » 40 r e s p e c t iv e ly . Thus
average g e n e ra tin g  co a t was a ls o  a d ecreasin g  fu n c tio n  of system  load
f a c to r .  M arginal energy c o s t was found to  f a l l  w ith  s iz e  and r i s e  w ith
load f a c to r .  The l a t t e r  c h a r a c te r i s t i c  r e f le c te d  the  f a c t  th a t  as the
15One megawatt equals  one thousand k i lo w a tts .
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load  was Increased  toward the peak w ith  c a p a c ity  k ep t c o n s ta n t, le s s  
e f f i c i e n t  g e n e ra tin g  u n i ts  were used a t  the expense of h ig h e r Increm ental 
fu e l  costs.*** The m arginal c ap a c ity  c o s t fu n c tio n  dec lined  w ith both 
s iz e  and load f a c to r .
L in g 's  In v e s tig a tio n  Is  unique in  th a t  he combined eng ineering  
in fo rm ation  w ith economic theo ry  In  o rd er to  d e riv e  co s t curves in  the 
e l e c t r i c  power in d u s try . H is r e s u l t s  showed th a t  economies of s c a le  and 
economies o f u t i l i z a t i o n  e x is te d  In the in d u s try  and th a t  m arginal co s t 
p r ic in g  would r e s u l t  in  lo s se s  to  the in d iv id u a l f irm s . However, h is  
study f i r s t  was confined  to  the  g en era tio n  of e l e c t r i c i t y ,  i . e . ,  t r a n s ­
m ission  and d i s t r ib u t io n  were no t co nsidered , and second, being  of an 
ex a n te  ty p e , i t  sim ply r e f le c te d  eng in eerin g  evidence on c o s ts .  Such 
evidence may in d ic a te  th a t  c o s ts  should behave in  a c e r ta in  fa sh io n , 
bu t only s t a t i s t i c a l  o r ex p o st d a ta  can be used to  t e s t  th a t  c la im . 
Although Ling f i t t e d  h is  c o s t fu n c tio n  to  1938-1958 o b serva tions from 
fo u r U .S. e l e c t r i c  u t i l i t i e s ,  th e  f in d in g s  a re  compounded w ith  technolog­
i c a l  changes a r i s in g  from the se c u la r  re la t io n s h ip  th a t  e x is t s  between 
in c re a se s  in  s iz e  and v a r ia t io n s  in  steam  c o n d itio n s . In  o th e r  words, 
h is  s t a t i s t i c a l  c o s t equations m irro red  both movements along and move­
ments o f the  p ro d u ctio n  fu n c tio n .
( 8) C. E. OLSON
In  h is  in v e s t ig a t io n  o f the  e l e c t r i c  power in d u s try  Olson a ttem p t­
ed to  e s tim ate  the  long run  and s h o r t  run  average co s t curves fo r
16L ing, Economf.es off S ca le , p . 51
t
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e l e c t r i c i t y  g e n e r a t i o n . M u ltip le  reg reaa lo n  an a ly a ia  was a p p lied  to
1965 d a ta  from a sample of 76 p la n ta .  Theae p la n ts ,  a l l  b u i l t  between
1956 and 1965 and housing g en e ra tin g  u n i ts  o f s im ila r  c a p a c ltie a  and
v in ta g e s , were c la s s i f i e d  acco rd ing  to  the type of fu e l  they  burn ; th e re
were 52 p la n ts  in  the  coal u s in g  group and 24 in  the noncoal group. A
re g re ss io n  eq u a tio n  of the  fo llow ing  form waa f i t t e d  to  each subsample:
log C “ ^  bA log  , i  -  0 , 1, 2 , . . 12
where C ■ average g e n e ra tin g  c o s t ,
Xo ■ « c o n s ta n t,
Xi ■ s iz e  o f g en e ra tin g  u n i t ,
X2 “ number o f u n i ts  p e r p la n t ,
X3 ■ th e  re c ip ro c a l  o f p la n t  u t i l i z a t i o n ,  i . e . ,  c ap a c ity  tim es 
8760 hours p e r year d iv ided  by annual o u tp u t,
X. to  X.2 "  dummy v a r ia b le s  re p re se n tin g  d a te  o f I n s t a l l a t io n ;
X4 equals 2 .718 fo r  p la n ts  th a t  s ta r te d  o p e ra t io n 'in  1957 
and 1.000 fo r  o th e r  y e a rs ; Xe to  X]? a re  defined  s im ila r ly  
f o r  1958-1965 p lan ts,*®  and 
b^ to  b^2 “ the  param eters to  be e s tim ated .
This log  l in e a r  eq u a tio n  meant th a t  average g en era tin g  c o s t was assumed 
to  be a product o f the  exp lan a to ry  v a r ia b le s .  Thus, th e  b v a lu es  re p re ­
sen ted  p a r t i a l  e l a s t i c i t i e s  r e f le c t in g  th e  r e l a t iv e  e f f e c t  on c o s t from 
percen tage  changes in  th ese  v a r ia b le s .
The s iz e  of g en era tin g  u n i t  and th e  u t i l i z a t i o n  fa c to r  were found 
to  be s ig n i f ic a n t  de te rm inan ts o f e l e c t r i c i t y  g en era tin g  c o s ts .  For 
bo th  types of p la n ts  b j end b3 were n eg a tiv e  and p o s i t iv e ,  re s p e c t iv e ly , 
in d ic a tin g  th a t  average g en era tin g  co st f e l l  as u n i t  s iz e  and p la n t 
u t i l i z a t i o n  in c re a se d . Moreover, the f a c t  th a t  th e  a b so lu te  va lue  of
C harles E. O lson, Cost C onsidera tions fo r  E f f ic ie n t  E le c t r i c i ty  
Supply (E ast L ansing , M ichigan: MSU P ub lic  U t i l i t i e s  S tu d ie s , 1970),
pp. 30-42.
18Note th a t :  (a ) th e  tran sfo rm a tio n  of th ese  v a r ia b le s  in to  n a tu ra l
logarithm s converts  them to  1 and 0 re s p e c t iv e ly , and (b) th e re  i s  no 
duimny v a r ia b le  fo r  1956 which i s  used as the  base y e a r . I b i d . ,  p . 36.
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63 exceeded th a t  o f b j  showed th a t  "economise o f u t i l i s a t i o n  a re  fa r
more Im portant than  economies o f sc a le  as a p o te n t ia l  source of co st
19savings fo r  s te a m -e le c tr ic  g e n e ra tio n ."
On the o th e r  hand, the  number of u n i ts  and th e  date  of i n s t a l l a ­
t io n  d id  no t have any ap p rec iab le  in flu en ce  on th e  co s t pe r k ilo w a tt-  
hour, meaning re s p e c tiv e ly  th a t :  (a ) economies o f sc a le  occurred on
a u n i t  b a s is  r a th e r  than  on a p la n t  b a s is ,  and (b) the  Impact o f 
technology du ring  the  p e rio d  s tu d ied  was no t s ig n i f ic a n t .  Both r e s u l t s  
were as expected s in ce  f i r s t ,  " th e re  i s  no a p r io r i  reason  to  expect 
economies from m u lt i -u n it  o p e ra tio n , u n less  the u n i ts  a re  very  sm all" 
and second, "much of the  tech n o lo g ica l improvement in  conventional steam -
e le c t r i c  g en era tin g  equipment came befo re  and a t  the  beginning o f the
20p eriod  s tu d ie d ."
O lso n 's  s t a t i s t i c a l  study was u n s a t is fa c to ry  fo r  the o b je c tiv e s
of the p re se n t in q u iry  in  t h a t  i t  was r e s t r i c t e d  to  the  genera tion
21a sp ec t o f e l e c t r i c i t y  supp ly , w ith  the  u n i t  o f a n a ly s is  being the  
22g e n e ra to r . Furtherm ore, Olson excluded land and s tru c tu re  c o s ts  be­
cause they have a tendency to  v a ry  w ith  geograph ica l lo c a tio n . But
19I b i d . ,  p . 41. S p e c if ic a l ly ,  the  a b so lu te  v a lu es  of b j  and b3 
were approxim ately  0.156 and 0 .705 , re s p e c t iv e ly . They In d ica ted  th a t  
w hile  a 10 p e r cen t Increase  in  th e  c ap a c ity  o f a g en era tin g  u n i t  produced 
a 1.56 per cen t decrease  in  u n i t  g en e ra tin g  c o s ts ,  a 10 per cen t Increase  
in  p la n t u t i l i z a t i o n  re s u l te d  in  a decrease  of more than  7 p e r cen t in  
th e  same c o s ts .
21Although he d id  n o t co n sid er d i s t r ib u t io n  c o s ts ,  Olson p resen ted  
ex an te  o r en g ineering  evidence to  dem onstrate th a t  economies o f sc a le  
and u t i l i z a t i o n  e x is te d  In  e l e c t r i c i t y  tran sm iss io n . I b id . ,  pp. 43-54.
22**Data p e r  g e n e ra to r  waa n o t a v a i la b le ;  th a t  la  the  reason  why h is  
sample c o n s is ted  o f p la n ts  housing g en era to rs  o f s im ila r  s iz e  and v in ta g e .
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having done th ia ,  o p e ra tio n  and m aintenance c o s ta , a lthough  c o rre c te d  
fo r  fu e l p r ic e  changes, were n o t a d ju s te d  to  take  In to  account the  d i f ­
fe ren ces In  the  wage r a te  among p la n ts  in  d i s t in c t  re g io n s . Hence the  
absence of c e te r i s  p a rib u s  c o n d itio n s , namely v a r ia t io n s  In the  p ric e  
of la b o r , b iased  O lso n 's  em p irica l evidence on e l e c t r i c i t y  g en era tin g  
c o s ts .
P roduction  Function  S tud ies
(1 ) R. KOMIYA
The prim ary goal o f Komlya's work was to  d is t in g u is h  between the
s h i f t s  along and th e  s h i f t s  o f the  p roduction  fu n c tio n  in  th e  steam-
23e l e c t r i c  power in d u s try . S p e c if ic a l ly ,  he t r ie d  to  se p a ra te  the e f f e c ts  
o f economies of sc a le  from those of changes in  technology on the b a s is
« t
of a sample of 235 p la n ts  b u i l t  between 1930 and 1956. In  o rder to  
accom plish th is  o b je c tiv e  Komlya used the  fo llow ing  procedure:
(a )  The sample was d iv ided  In to  fo u r  groups accord ing  to  the 
time p eriod  in  which the  p la n ts  were b u i l t  (1930-45, 1946-50, 1951-53, 
and 1954-56). Each of these  was In  tu rn  c la s s i f i e d  by fu e l  type in to  two 
subgroups, coa l and noncoal u sin g  p la n ts .  Thus, the  r e s u l t in g  e ig h t 
c e l l s  Included on ly  p la n ts  belonging to  th e  same tech n o lo g ica l s tra tu m .
(b) A p ro d u ctio n  fu n c tio n  re p re se n te d  by a s e t  of th re e  in p u t-  
ou tp u t re la t io n s h ip s  was computed fo r  each time p e r lo d -fu e l type c e l l :
23Ryutaro Komlya, "T echnological P rog ress snd the P roduction  Func­
t io n  in  the  U nited S ta te s  Steam Power In d u s try ,"  Review o f Economics and 
S t a t i s t i c s  (Hay, 1962), pp. 156-166.
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where Yf “  fu e l Input p e r g en era tin g  u n i t  when opera ted  a t  c ap ac ity  
le v e l  o f o p e ra tio n , In  term s of BUT'a (B r i t i s h  therm al 
u n i ts )  pe r hour;
Yc ■ c a p i ta l  co st o f equipment in  c o n s tan t (1947) d o l la r s  per 
g en era tin g  u n i t .  The c o s ts  o f c o n s tru c tio n  and land were 
excluded;
Ye -  average number of employees du ring  the  y e a r , p e r g en era tin g  
u n i t ;
X} “ the  average s iz e  o f g en e ra tin g  u n it  in  megawatts;
X* “ the number o f genera ting  u n i ts  In  the  p la n t ;  and
A*s, b 's ,  u 's  ** the  param eters to  be e s tim a ted .
(c ) F in a lly ,  w hile  m eaningful b 's  and u 's  were used to  In d ica te  
economies o r  diseconom ies o f sca le  fo r  any v ln ta g e - fu e l  type c l a s s i f i c a ­
t io n  ( s h i f t s  along th e  p roduction  fu n c tio n ) , s ig n i f ic a n t  v a r ia t io n s  in  
th e  param eters o f the  equations among the  d i f f e r e n t  subgroups were used 
as evidence of tech n o lo g ic a l change ( s h i f t s  of the  p roduction  fu n c tio n ) .
Komlya found th a t  the  va lu es of b 's  and u 's  were p o s it iv e  and 
s ig n i f ic a n t ly  sm alle r than  u n ity  im plying th a t  as the average s iz e  and 
number of g en era tin g  u n its  in  any p a r t i c u la r  c la s s  o f p la n t  ro se , the 
in p u t o f the  p a r t i c u la r  reso u rce  in c reased  p ro p o r tio n a lly  le s s  causing 
a f a l l  in  per u n i t  c o s ts .  In  o th e r  words, economies o f sc a le  turned  out 
to  be v e ry  im portant in  steam power g e n e ra tio n . In  a d d it io n , th e  s ig ­
n i f ic a n t  changes th a t  re s u l te d  in  the  param eters among the  c e l l s  in d ic a te d  
th a t  th e  m ajor achievement of tech n o lo g ic a l p rog ress in  th e  Industry  was 
a re d u c tio n  In  th e  f u e l ,  c a p i ta l ,  and lab o r requirem ents p e r g en era tin g  
u n i t  over tim e.
The study by Komlya, n e v e r th e le s s , was d e f ic ie n t  in  se v e ra l
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r e s p e c ts .  F i r s t ,  he used th e  s te a m -e le c tr ic  p la n t  aa the  u n i t  o f o b se r­
v a tio n  and lim ite d  h la  In v e s t ig a tio n  t o  g en e ra tio n  c o s ta , excluding  land 
and s t ru c tu r e  expenses. Second, Komlya*s measure o f lab o r Inpu t--average  
nunfeer o f employees per g en e ra tin g  u n i t  du ring  the  y e a r--co u ld  have been 
In e r ro r  due to  d if fe re n c e s  in  th e  t o t a l  number of hours a lab o re r  worked 
du ring  the year an d /o r v a r ia t io n s  in  the  lab o r requirem ents among 
geograph ica l re g io n s . T h ird , Komlya d id  no t c o rre c t  fo r  the In fluence  
o f fu e l  and lab o r p r ic e s  in  the  in p u t r e la t io n s h ip s  fo r  these  re so u rc e s . 
L a s tly , he d id  n o t co n sid e r the  e f f e c t  on the  p roduction  fu n c tio n  of 
d if fe re n c e s  In  th e  degree o f c a p a c ity  u t i l i z a t i o n .  His e n t i r e  data  was 
a d ju s te d  to  p la n ts  o p e ra tin g  a t  f u l l  c a p a c ity  and th e re fo re  h is  r e s u l ts  
a re  r e le v a n t  only  fo r  such p la n ts .
(2) H. NERLOVE
Using d a ta  from a c ro ss  s e c tio n  o f 145 firm s in  44 s ta te s  in
the  y ear 1955, Nerlove attem pted  to  measure th e  degree of re tu rn s  to
24sc a le  In  th e  s te a m -e le c tr ic  power g en e ra tin g  in d u s try . He assumed 
th a t  the  b a s ic  o b je c tiv e  of the  In d iv id u a l firm  in  the In d u stry  was " th a t  
o f m inim izing the  t o t a l  c o s t o f p ro d u c tio n  of a g iven  o u tp u t, su b je c t to  
th e  p ro d u c tio n  fu n c tio n  and th e  p r ic e s  i t  must pay fo r  fa c to rs  of p ro ­
d u c t io n ." ^
To ach ieve  h is  goal Nerlove used th e  long run  t o t a l  c o s t fu n c tio n  
as a reduced form eq u a tio n  to  e s tim a te  the  param eters o f a p roduction
2^Marc N erlove, "R eturns to  S ca le  in  E le c t r i c i ty  Supply ," in  Measure­
ment in  Economics (S ta n fo rd , C a lifo rn ia :  S tanford  U n iv e rs ity  P re ss , 1963),
pp. 167-198.
25I b id . ,  p. 168.
fu n c tio n . The p roduction  fu n c tio n  employed waa o f  th e  Cobb-Douglas 
26ty p e ,
y -  aQ x j l  x j2 x j 3 u ( 1)
where y Is  ou tpu t in  k ilo w a tt-h o u rs ;  Xj_, x2 , X3 a re  re s p e c tiv e ly  la b o r , 
c a p i ta l ,  and fu e l  In p u ts ; a0 , . a ^ ,  a2 , *3 e re  param eters to  be estim ated  
and u I s  a random d istu rb an ce  o r  re s id u a l  term .
D efining c as t o t a l  p roduction  or g en e ra tio n  c o s ts  and p j ,  V>2» 
as the  p r ic e s  o f la b o r , c a p i ta l ,  and fu e l re s p e c t iv e ly , Nerlove 
derived  the  t r a d i t io n a l  long run  to ta l  c o s t fu n c tio n
c -  ky1^r p * l /^ p j2 /r p®3/rv ( 2)
al  a2 a3 - 1 / r  
where k ■ r ( a0 a i  a2 a3  ̂ *
r  ■ a^ + a2 + a ^ ,
from th e  m in im ization  o f c o s ts
c -  p1x l  + p2x2 + p3x3 (3)
su b je c t to  the p roduction  c o n s t r a in t  Imposed by equation  (1 ) .  The c o s t 
fu n c tio n , which i s  l in e a r  In  th e  logarithm s of the v a r ia b le s ,  was e s t i ­
mated fo r  the  firm s in  the  sam ple. The param eter r  measured the degree 
of re tu rn s  to  s c a le .  The p ro d u c tio n  fu n c tio n  was then  c a lc u la te d  from 
the e s tim a te s  o f the param eters o f  the  c o s t eq u a tio n .
The Cobb-Dou£las i s  the  most po p u lar k ind  o f homogeneous produc 
t lo n  fu n c tio n . A good d e s c r ip t io n  o f I t s  c h a r a c te r i s t i c s  I s  given In  
A. A. H a lte r s ,  "P roduction  and C ost F u n c tio n a l An Econometric Survey ," 
Econom etrica (Ja n u a ry -A p rll, 1963), pp. 5 -6 .
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The r e s u l t s  o f N e rlo v e 's  e n s ly s is  ln d lc s te d  t h s t  the bulk  of 
p r lv e te ly  owned e l e c t r i c  u t i l i t i e s  o p e rs ted  in  the  reg io n  of in e re es in g  
re tu rn s  to  s c a le .  Thus, th e se  companies would need to  rec e iv e  su b s id ie s  
In  o rd er to  cover c o s ts  a t  s o c ia l ly  optim al o u tp u ts . These conclusions 
however must be q u a l i f ie d  s in c e  Nerlove r e s t r i c t e d  h is  study to  genera­
t io n  c o s ts  and d id  no t d is t in g u is h  between movements a long  and movements 
of the  co a t fu n c tio n . The l a t t e r  shortcom ing was a p roduct o f many 
f a c to r s .  By no t accounting  fo r  d if fe re n c e s  In th e  age of equipm ent, 
Nerlove a b s tra c te d  from a l l  q u estio n s  of tech n o lo g ica l change. Even 
though c o s t i s  a fu n c tio n  of bo th  sc a le  and c a p a c ity  u t i l i z a t i o n ,  these  
v a r ia b le s  were n o t considered ; n e ith e r  were th e  geograph ica l lo c a tio n  
o f ,  and th e  type o f fu e l used by, the  firm . In  s h o r t ,  the  In te rp re ta t io n  
o f N e rlo v e 's  r e s u l t s  as g iv ing  any s ig n if ic a n t  measure of the  degree of 
re tu rn s  to  sc a le  I s  lim ite d  sim ply because c e te r i s  p a rib u s  d id  n o t h o ld .
(3) Y. BARZEL
B arzel s e t  out to  In v e s tig a te  the  p ro d u c tio n  p rocess in  the  steam -
27e l e c t r i c  power g en e ra tin g  I n d u s t r y . H i s  da ta  c o n s is te d  o f pooled obser­
v a tio n s  from a sample of 220 p la n ts  in s ta l le d  between 1941 and 1959.
Each p la n t  was observed an n u slly  from i t s  f i r s t  y ear of f u l l  time 
o p e ra tio n  u n t i l  any m ajor change was undertaken  in  i t  o r  u n t i l  I960, the 
l a s t  y ear fo r  which data  were a v a ila b le  a t  the time of the  study .
27Yoram B a rze lf "The P roduction  F unction  and Technioal Change in  
th e  Steam-Power In d u s try ,"  Jo u rn a l o f P o l i t i c a l  Economy (A p ril , 1964), 
pp . 133-150. B arzel had become in te re s te d  in  t h i s  su b je c t in  an e a r l i e r  
work examining th e  a p p ro p ria te n ess  o f  the  o u tp u t-p e r -u n it-o f - in p u t  
techn ique a s  a measure o f  p ro d u c tiv ity  change in  the  in d u s try . See h is  
a r t i c l e  "P ro d u c tiv ity  in  th e  E le c t r ic  Power In d u s try , 1929-1955,"
Review o f Economics and S t a t i s t i c s  (November,. 1963), pp. 395-408.
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In  a manner ana logon a to  th a t  o f Komlya, B araal d iv ided  th e  p ro­
d u c tio n  fu n c tio n  In to  th re e  In p u t eq u a tlo n a , one each fo r  f u e l ,  la b o r ,
and c a p i t a l .  S p e c if ic a l ly ,  he assumed th a t
Xj -  f (S , L, D, A, P i ,  . . .  , Pn)
where X  ̂ la  Input o f th e  re so u rc e , S Is the  p la n t s iz e ,  L la  the load 
f a c to r ,  D Is  the  d a te  o f I n s t a l l a t i o n ,  A I s  the  age o f p la n t ,  and the  P 's  
re p re se n t r e la t iv e  f a c to r  p r ic e s .  Then he estim ated  th is  re la t io n s h ip  
fo r  each resou rce  in  log l in e a r  form.
The c o e f f ic ie n ts  o f th e  logarithm s o f s iz e  and load  fa c to r  tu rned  
out to  be p o s i t iv e  and s ig n i f ic a n t ly  sm a lle r  than  u n ity  fo r  the th re e  
in p u ts . This r e s u l t  meant th a t  as p la n t  s iz e  and load fa c to r  ro se , the 
q u a n ti t ie s  of reso u rces  used In creased  more slow ly than  ou tpu t causing  
average c o s ts  to  f a l l .  B arzel concluded th a t  s u b s ta n t ia l  economies of 
sc a le  and u t i l i z a t i o n  e x is te d  in  th e  s te a m -e le c tr ic  power in d u s try .
But th ese  economies were not uniform  over a l l  f a c to r s  o f  p ro d u c tio n . 
Economies of sc a le  were most pronounced fo r  la b o r , le s s  so fo r  c a p i ta l ,  
and even le s s  fo r  f u e l .  C a p ita l ,  la b o r , and fu e l  was the  corresponding  
o rder o f im portance fo r  economies o f u t i l i z a t i o n .
The d a te  o f i n s t a l l a t i o n  was rep re se n te d  by dumny v a r ia b le s  whose 
c o e f f ic ie n ts ,  a lthough  no t a l l  s ig n i f i c a n t ,  In d ica ted  s h i f t s  in  th e  p ro­
d u c tio n  fu n c tio n  due to  te c h n o lo g ic a l change. These s h i f t s  showed th a t  
la b o r , f u e l ,  and c a p i ta l  requ irem en ts decreased  during  th e  p e riod  
s tu d ie d . The in c rease  in  e f f ic ie n c y  was g r e a te s t  fo r  lab o r w ith  fu e l 
and c a p i ta l  coming re s p e c t iv e ly  beh ind .
F in a lly ,  w hile  age o f p la n t  was o f no Im portance, th e  r e la t iv e  
reso u rce  p r ic e s  in d ic a te d  th a t  f a c to r  s u b s t i tu t io n  was p re se n t in  the  
s te a m -e le c tr ic  power ln d u e try . For example, in  the c a p i ta l  input
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eq u a tio n  the  c o e f f ic ie n t  o f the  logarithm  o f p r ic e  of lab o r r e l a t iv e  to  
th a t  o f c a p i ta l  waa 0 .271 , meaning th a t  "a one per cen t lncreaae  In 
a n tic ip a te d  lab o r co a t leada  to  a 0.271 p e r cen t Increase  In  the
28o r ig in a l  Investm ent In  th e  p la n t ,  presumably in  lab o r-sa v in g  d e v ic e s ."
Besides the  now fa m ilia r  c r i t ic is m s  o f u sin g  th e  p la n t as the  
u n i t  o f a n a ly s is  and l im itin g  th e  study  to  the  g en era tio n  p ro ce ss , 
B a rz e l 's  In v e s tig a tio n  su ffe re d  from two a d d it io n a l  d e f ic ie n c ie s .  F i r s t ,  
the  Input of lab o r was measured by the  average number o f  employees In 
each p la n t  in  a g iven y e a r . B arzel c o r r e c t ly  recognized th a t  th is  
average was capable o f co n ta in in g  e r ro r s  "due to  d if fe re n c e s  In  the  t o ta l  
number of hours a worker worked du ring  the y ear as between y e a rs , be­
tween p la n ts  a t  a p o in t o f tim e, and p o ss ib ly  even w ith in  p la n ts  due to
Improper w eighting  of p a r t- t im e  work, and due to  d if fe re n c e s  In  the
29q u a li ty  of lab o r both c ro s s - s e c t lo n a l ly  and over tim e ."  Second, d i f ­
ferences in  the  type o f fu e l used among and w ith in  p la n ts  were n o t con­
s id e re d  in  the  study  o f the  fu e l in p u t fu n c tio n . However, the  
u t i l i z a t i o n  o f c o a l, o i l ,  and /o r n a tu ra l  gas Is  known to  a f f e c t  the  fu e l  
requirem ents o f s te a m -e le c tr ic  p la n ts .
(4 ) P. J .  DHRYMES and M. KUHZ
The study by Dhrymes and Kurz examined th e  Impact of s iz e  and
30tech n o lo g ica l changes on s te a m -e le c tr ic  g e n e ra tio n . I t  combined the 
sample s t r a t i f i c a t i o n  technique of Komlya and the c o s t m inim ization
28B arze l, "P roduction  Function  and T echnical Change," p . 143.
29I b id . ,  p . 139.
30Phoebus J .  Dhrymes and M ordecal Kurz, "Technology and Scale in  
E le c t r i c i ty  G en era tio n ,"  Econowetrlca ( J u ly , 1964), pp. 287-315.
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hypo th esis  o f  N erlove. The sam ple, c o n s is t in g  of 362 p la n ts  c o n s tru c ted  
between 1937 end 1959, was c la s s i f i e d  acco rd ing  to  e ls e  o f p la n t  and 
tech n o lo g ic a l p e rio d . Eech p la n t was Included In  th e  sample only  once,
the  y ear o f o b se rv a tio n  being  taken  as th e  year fo llow ing  c o n s tru c tio n
31of the  p la n t .  The param eters o f a p ro d u c tio n  fu n c tio n  were e stim ated  
fo r  each s ls e  o f p la n t- te c h n o lo g ic a l p e rio d  group from Inpu t equations 
derived  under the assum ption th a t  en tre p ren e u rs  a c t  so as to  minimise 
c o s t under an ou tpu t c o n s t r a in t .  S p e c if ic  conclusions w ith  re sp e c t to  
re tu rn s  to  sc a le  and tech n o lo g ic a l p ro g ress  were then  derived  by compar­
ing the param eters so estim ated  fo r  th e  v a rio u s  c e l l s .
In  d e t a i l ,  th e  model used by Dhrymes and Kurz can be exp la ined
32as fo llow s: a p ro d u ctio n  fu n c tio n  of th e  ACMS type was assumed,
n  b± 1/d
(1) Q -  K ( f o  a tXt  ) -  F(X^, . . . , Xnl
where Q Is  o u tp u t; X^ i s  the  1th  Inpu t (n  equals 3 denoting  the  in p u ts  
o f f u e l ,  la b o r , and c a p i t a l ) ;  and a ^  b ^ , d , K a re  param eters to  be 
e s tim a ted . Given a c o s t fu n c tio n
(2) C -
where C denotes t o t a l  g en e ra tio n  c o s t  snd P^ the  p r ic e  o f the  1th In p u t, 
th e  problem was to  minimize (2) su b je c t to  a f ix ed  o u tp u t c o n s tra in t  
obeying (1 ) .  Thus,
31This was done because a y ear was considered  s u f f i c i e n t  time fo r  a 
newly c o n stru c ted  p la n t  to  a t t a i n  i t s  normal le v e l  o f  o p e ra tio n —the le v e l  
a t  which Dhrymes and Kurz wanted to  observe the  p la n ts .  I b i d . ,  p . 297.
32The l e t t e r s  ACMS stand  fo r  Arrow, Chensry, Mlhhas, and Solow, 
th e  developers o f t h i s  k ind  of p roduction  fu n c tio n  (known a ls o  as the  CES 
o r  co n stan t e l a s t i c i t y  o f s u b s t i tu t io n  fu n c tio n ) . For a d isc u ss io n  of 
i t s  p ro p e r t ie s  see W alte rs , "P roduction  and Cost F u n c tio n s ,"  pp. 6- 8 .
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n
(3) w i x i £ L ?i Xi  + I*ZQ0 -  P(Xl t  . . . , 1^)7
where L i s  the  Legrengien m u lt ip l ie r  end Qq the  g iven  o u tp u t. The f i r s t  
o rd e r c o n d itio n s ,
(4) Pj -  L ( b P /b X j)  -  0
J ® 11 . . . ,  n
were developed lead ing  to  the in p u t equations
l an^n 1 P i
(5 )  In Xi -  ln  l i F I  + * t= T  ln  +  F F T  ln  *n
i  * 1 ̂  # • . ,  n
S u b s t itu t in g  (5) ln  (1) gave r i s e  to  an Im p lic i t  r e la t io n  between the
p r ic e  r a t io s  P^/Pn » ou tpu t Q, and the  n th  in p u t Xn . This r e l a t io n  was
solved fo r  XQ. Hence, a s e t  o f in p u ts  optim al fo r  c o s t m in im ization  was
33s e le c te d , and the problem was so lved .
The r e s u l t s  ob tained  led  Dhrymes and Kurz to  conclude th a t  in c re a s ­
ing re tu rn s  to  sc a le  was the  p re v a le n t phenomenon in  steam e l e c t r i c  gen­
e ra t io n .  The r a te  of re tu rn s  to  s c a le  w ith  re sp e c t to  fu e l  and c a p i ta l  
tu rned  out to  be le s s  than  th a t  o f la b o r . T echnological changes on the 
o th e r  hand were found to  have reduced th e  f u e l ,  c a p i ta l ,  and labo r 
requirem ents o f  the  g en era tio n  p rocess during  th e  p e riod  s tu d ie d . These 
conclusions were in  s u b s ta n t ia l  agreement w ith  those of Komlya and B arze l; 
b u t ju s t  as in  th e i r  c a se , they  were derived  from an a n a ly s is  of steam 
p la n ts  and apply s o le ly  to  the g en era tio n  of e l e c t r i c i t y .  Moreover,
Dhrymes and Kurz d id  n o t co n sid er the degree o f  c a p a c ity  u t i l i z a t i o n  of 
p la n ts  and f a i le d  to  d is t in g u is h  them w ith re sp e c t to  the  type of fu e l 
used.
33Dhrymes and Kurz, "Technology and S c a le ,"  p . 293.
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(5 ) M. GALATH?
The main o b je c tiv e s  o f G e ls t in 's  In v e s tig a tio n  of the steam - 
e l e c t r l c  power g en e ra tin g  In d u s try  were " to  d e riv e  m easures o f ,  end
34d i f f e r e n t i a t e  betw een ,the e f f e c t s  of changes in  s c a le  end techno logy ."
The uniqueness o f h is  s tudy  re s te d  ln  the  trea tm en t of th e  machine or
g e n e ra to r , r a th e r  th an  the  p la n t  o r  th e  f irm , as th e  u n i t  o f  a n a ly s is .
The sample s e le c te d  c o n s is te d  o f 158 p la n ts  having g en era to rs  of the
same s iz e  and v in ta g e , bu t between these  p la n ts  the s iz e  and v in ta g e  of
th e  machines v a r ie d .
A p la n t  was Included ln  the sample from i t s  f i r s t  f u l l  y ear of 
o p e ra tio n  u n t i l  1953 o r  u n t i l  u n i ts  o f a d i f f e r e n t  s iz e  and /o r 
v in ta g e  were added to  th e  p la n t .  . . .  The years  o f o p e ra tio n  
covered in  th e  sample, which Included p la n ts  o f machine v in ta g es  
from 1920 to  1953, were from 1938 to  1953. The year o f  I n s t a l l a t io n  
o f a machine was taken  to  be i t s  v in ta g e , I . e . ,  the  Index o f the  
degree of tech n o lo g ic a l change embodied ln  m achines."
s
The p la n ts  In  th e  sample were c la s s i f i e d  acco rd ing  to  v in ta g e  and fu e l 
ty p e . Thus, In  any y ear o f o b se rv a tio n  ln  a v in ta g e - fu e l  type c e l l  
th e re  was a c ro s s -s e c tIo n  o f  o b se rv a tio n s on m achines, and fo r  each 
machine ln  each c e l l  th e re  was a time s e r ie s  o f o b se rv a tio n s .
A p roduction  fu n c tio n  rep re se n te d  by th re e  in p u t equations was 
co n sid ered . The fu e l  r e la t io n s h ip  fo r  the i t h  machine in  a v in ta g e - fu e l  
type c e l l  was o f the  form
(i) n t  - f<£ .̂ **>
where a^ I s  th e  Inpu t o f fu e l  fo r  the  machine in  BTU's per k ilo w a tt-h o u r; 
i s  the  s iz e  o r c a p a c ity  o f the  machine in  m egawatts; i s  the
34Malcolm G a la tln , Economies o f S cale  and Technological Change ln  
Thermal Power G eneration  (Amsterdam: N orth-H olland P u b lish in g  Company,
1968), p . 17.
35I b l d . ,  pp . 9 7 -9 8 ,
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c a p a c ity  ln  megawatts a t  which tha machlna la  a c tu a l ly  opera ted  
(0 4 X ^ ^ X ik) ;  and tha  a u b a c rlp t t  r a f a ra  to  tha  time p e rio d . Xhe r a t i o  
Xt t /Xik danotaa than  tha  degree of c ap a c ity  u t i l i s a t i o n  of tha machine 
ln  the p e rio d .
th is  e q u a tio n . F i r s t ,  the  re le v a n t tim e p e rio d  fo r  G a la tln  waa n o t the 
y ear bu t an In s ta n t  o f time w ith  the machine o p e ra tin g  "ho t and connected 
to  lo a d ,"  I . e . ,  bu rn ing  fu e l and producing e l e c t r i c i t y .  Second, measures 
o f fu e l in p u t and c a p a c ity  u t i l i z a t i o n  per machine were no t a v a i la b le .
To solve th ese  problems G a la tln  devised  a method th a t  enabled him to
deduce the  c h a r a c te r i s t i c s  o f th is  eq u a tio n  from a s im ila r  one estim ated
36w ith  annual p la n t d a ta .
eq u a tio n  ( 1) fo r  machines of d i f f e r e n t  s iz e s  bu t of the same v in ta g e  
and fu e l type w hile  the  in flu en ce  of tech n o lo g ic a l change was r e f le c te d  
by s h i f t s  o f the same eq u a tio n  fo r  machines o f th e  same s iz e  and fu e l 
type bu t o f d i f f e r e n t  v in ta g e . This method o f a n a ly s is  showed th a t  
economies o f s c a le  ln  fu e l consumption e x is te d  over the f u l l  range of ' 
the  sample and th a t  te c h n o lo g ic a l change had re s u l te d  in  fu e l in p u t ssv - 
ings over the  years  s tu d ie d .
The subsequent fu n c tio n a l re la t io n s h ip s  fo r  c a p i ta l  and labo r 
In p u ts  were e stim ated  fo r  v a rio u s  v in ta g e - fu e l  type c e l l s  o f p la n ts :
There were two d i f f i c u l t i e s  In  r e l a t i o n  to  the  com putation of
The e f f e c t s  o f sc a le  on fu e l inpu t were in d ic a te d  by s h i f t s  of
(2)
g(N, V
(3) L -  h(H, 3^ , U)
36I b i d . ,  pp. 34-45 and 98-107.
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where C j “  t o t a l  c a p i ta l  co a t o f  a p la n t ,  i . e . ,  coata  o f land , 
a tru c tu re a  and equlpamnt;
M ■ number of machlnee ln  th e  p la n t ;
■ e ls e  o f each machine;
L -  average number o f employees ln  a p la n t during  th e  y ear; 
and
U ■ p la n t  c a p a c ity  u t i l i s a t i o n .
Only p la n ta  comprlaed o f machines o f th a  aame e ls e  and v in ta g e  were con­
s id e re d .
The a n a ly s is  of fu n c tio n s  (2) and (3) in d ic a te d  th a t  economies 
o f c a p i ta l  c o s t and lab o r Inpu t occurred  as the  s iz e  of machines and the 
number o f  machines In  a p la n t  In c reased . T echnological changes had 
reduced inpu t requ irem en ts . L a s tly , th e  degree of c ap a c ity  u t i l i z a t i o n  
was a ls o  a s ig n i f ic a n t  v a r ia b le  ln  ex p la in in g  lab o r in p u t, bu t fo r sm all 
changes ln  c a p a c ity  the  e f f e c t  was sm a ll.
In  th e  l ig h t  o f the  p re se n t s tu d y , G e la t in 's  work su ffe red  from 
a number o f shortcom ings. G a la tln  d id  no t consider the tran sm iss io n  
and d is t r ib u t io n  a sp ec ts  o f e l e c t r i c i t y  supp ly . H is con clu sio n s, namely 
the  e x is te n ce  of economies of sc a le  and th e  reso u rce  savings stemming 
from tec h n o lo g ic a l change, were d erived  from em p irica l evidence using 
the g en era to r as th e  u n i t  o f o b se rv a tio n . His m easures o f c a p i ta l  and 
lab o r in p u t were b ia sed  by d if fe re n c e s  in  th e  p r ic e  of these  resou rces 
both c ro s s - s e c t lo n a l ly  and over tim e. Thus, G e la t in 's  in v e s tig a tio n  
provided n e ith e r  th e  in fo rm ation  nor the a n a ly tic  framework req u ired  to  
s a t i s f y  the  k ind  o f o b je c tiv e s  pursued h e re .
The Heed fo r  F u rth e r  Work
The em p irica l ev idence on c o s ts  in  th e  e l e c t r i c  power in d u s try , 
fo r  the  most p a r t ,  seems to  show th a t  e l e c t r i c  u t i l i t i e s  have d e c lin in g  
long run and sh o r t  run  average c o s t cu rv es. Economies of sc a le  and
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economies o f  u t i l i z a t i o n  appaar to  ba tha  ru le  ln  th a  in d u s try . Henca, 
m arginal coat p r ic in g  ahould n o t ba adoptad bacauaa I t  would laad  to  
loaaaa fo r  th a  in d iv id u a l f irm s .
. Tha evidence review ed, even though i t  supports the  th e o re t ic a l  
r e s u l t s  o u tlin e d  in  Chapter I I ,  la  f a r  from co n c lu siv e . S everal c r i t i ­
cisms were made to  s u b s ta n t ia te  t h i s  p o in t .  In  th e  f i r s t  p la c e , the 
m a jo rity  o f the  s tu d ie s  examined used e i th e r  the  p la n t o r the  g en era to r
as the  u n i t  o f o b se rv a tio n . But a s  Nerlove po in ted  o u t, th e  economica1-
37ly  re le v a n t e n t i t y  i s  th e  f irm . F irm s, n o t p la n ts  o r g e n e ra to rs , a re  
reg u la te d  and i t  i s  a t  the  le v e l  of th e  firm  th a t  Investm ent and p r ic in g  
d ec is io n s  a re  made. Second, th e  in v e s tig a t io n s  were l im ite d  to  genera­
t io n  c o s t s . A l t h o u g h  a firm  may o p era te  in  th e  reg io n  of In creas in g  
re tu rn s  to  s c a le  a s  f a r  as g en e ra tio n  i s  concerned, when tran sm iss io n  
and d i s t r ib u t io n  a re  included the  f irm  may be in  the  range o f decreasing  
r e tu rn s .  F in s l ly ,  th e  works review ed were b e se t by d i f f i c u l t i e s  in  the  
s t a t i s t i c a l  i s o la t io n  o r d e f la t io n  o f the c e t e r i s  p a rib u s  f a c to r s .  Thus, 
in  s p i te  of the s u b s ta n t ia l  amount o f re sea rch  in  th i s  f i e l d ,  the 
q u estio n s o f economies o f s c a le ,  economies o f  u t i l i z a t i o n ,  and m arginal 
c o s t p r ic in g  must s t i l l  be d e a l t  w ith . C hapter IV undertakes such a 
ta s k .
^ N e r lo v e , "R eturns to  S c a le ,"  p . 167.
3 * lh ere  were two ex cep tio n s: McNulty end Iu lo . N ev erth e less ,
McNulty confined  h i s  s tu d y  to  th e  a d m in is tra tiv e  co a ts  in cu rred  ln  the  
g e n e ra tio n , tra n sm iss io n , and d i s t r ib u t io n  o f e l e c t r i c i t y  w hile  Iu lo  
had sample problem s. See pp. 60-61 and 64-65 above.
CHAPTER IV
A SUGGESTED ELECTRICITY COST FUNCTION
The e x is te n t  em p irica l s tu d ie s  o f c o s ts  ln  the e l e c t r i c  power 
In d u stry  were reviewed and analyzed fo r  l im ita t io n s  In the previous 
c h ap te r. The o b je c tiv e s  here  a re  to  propose and to  e s tim a te  a new co s t 
fu n c tio n  fo r  e l e c t r i c i t y  supply th a t  c o rre c ts  fo r  the  main shortcom ings 
o f  these  In v e s tig a tio n s . A ccordingly: (a) the  u n i t  of ob serv a tio n  i s
the firm ; (b ) the c o s ts  o f g en e ra tio n , tran sm iss io n , and d i s t r ib u t io n  a re  
considered ; and (c) the c e te r i s  p a rib u s  fa c to r s  a re  accounted f o r .  The 
fu n c tio n  i s  used to  t e s t  the  two th e o re t ic a l  c o s t c h a r a c te r i s t ic s  o u t­
l in e d  in  Chapter I I ,  namely th a t  economies o f s c a le  and economies of 
u t i l i z a t i o n  a re  s ig n i f ic a n t  In  e l e c t r i c i t y  supply o r  a l t e r n a t iv e ly ,  th a t  
in  both the  long run and the sh o rt run decreasing  average co s t curves 
a re  the  norm fo r  e l e c t r i c i t y  supp ly . In  a d d it io n , the  Im p lica tio n  of 
the f in d in g s  w ith  re sp e c t to  the p roposal o f p r ic in g  e le c t r i c  energy a t  
m arginal c o s t - - l . e . ,  whether o r no t m arginal c o s t p r ic in g  w il l  r e s u l t  ln  
an economic l o s s - - l s  n o ted .^  E s s e n t ia l ly  then  an a ttem p t I s  made in  th is  
chap ter to  determ ine to  what e x te n t economic theory  and p ra c tic e  ag ree .
Sample and Data
A sample c o n s is t in g  o f 56 firm s s a t is f y in g  the fo llow ing c r i t e r i a
1F u rth e r conclusions reg a rd in g  p u b lic  p o lic y  fo r  the e f f i c i e n t  o r 
low c o s t p ro v is io n  o f e l e c t r i c  se rv ic e  a re  drawn ln  C hapter VI.
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was a a la c ta d : ( 1) thay  ware p r lv a ta ly  owned a l a c t r i c  u t l l l t i a a  belong­
ing to  c laaaaa  A and B. Aa a ta ta d  ln  C hapter I ,  thaaa  firm s c o n a tltu ta  
the moat ty p ic a l  and im portan t aegmant o f  tha  a l a c t r i c  power ln d u a try ;
(2) a t  l e a a t  90 par cen t o f th a l r  c a p a c ity  waa in  f o a a l l  fu e l  (c o a l , 
gaa, o i l )  ateam g en era tio n  equipm ent. Becauee o f th a  g re a t  q u a l i ta t iv e  
d iffe re n c a a  between f o a a l l  fu e l  ateam and n u c le a r  and h y d rau lic  produc­
tio n  of e l e c t r i c i t y ,  fIrma predom inantly  u sin g  the l a t t e r  methods of 
g en era tio n  were excluded. These firm s , however, account fo r  le s s  than 
a th ird  of the U nited S ta te s  power p roduction ; f i n a l ly ,  (3) the  e l e c t r i c  
u t i l i t i e s  in  the sample n o t only  had to  perform  the  th re e  d i s t in c t  func­
t io n s  o f g e n e ra tio n , tran sm iss io n , and d i s t r ib u t io n  bu t a ls o  they had to  
generate  more than tw o -th ird s  of t h e i r  own energy which they  tran sm itted  
and d is t r ib u te d .  Firms which performed only one or two o f  these  fu n c tio n s 
and firm s which were e s s e n t ia l ly  pu rchasers o f e l e c t r i c i t y  were excluded 
because they  were u n re p re se n ta tiv e  o f In d u s try  o p e ra tio n s . The e l e c t r i c  
u t i l i t i e s  included  in  the sample a re  l i s t e d  in  Appendix A.
The data  were a m ix ture  o f c ro s s - s e c tio n  and time s e r ie s  o b ser­
v a tio n s  on th e  v a r ia b le s .  They covered a te n  year time p eriod  extending 
from 1959 to  1968, th e  l a t e a t  y ear fo r  irtilch complete in fo rm ation  was 
a v a ila b le  a t  the time th is  study  was undertaken . Thua, th e re  were 560 
o b se rv a tio n s  c o lle c te d  fo r  each v a r ia b le ,  i . e . ,  56 flrm e over 10 y e a rs .
The use of pooled d a ta  im p lies th a t  the  c o s t equation  derived  a p p lie s  
to  a given f irm  w ith o u t change fo r  s e v e ra l y ea rs  and to  a given year w ith ­
ou t change fo r  se v e ra l f irm s . Three sou rces o f in fo rm ation  were used; 
S t a t i s t i c s  o f P r iv a te ly  Owned B le c tr lc  U t i l i t l e a  in  the  U nited S ta te s .  
an annual r e p o r t  pub lished  by the F ed era l Power Commission; Moodv’a 
P ub lic  U t i l i t y  Manual, a y e a r ly  p u b lic a tio n ;  and Employment and E arnings.
85
S ta te s  and Araaa 1939-69. a b u l le t in  publiahad  by tbe  Bureau o f Labor 
S t a t l a t l c a  o f tha U .8 . Department o f L abor. The data  f o r  each v a r ia b le  
la  r e a d i ly  a v a ila b le  from theaa aourcaa.
The Coat Model
The a e le c tlo n  o f  th e  type of coat fu n c tio n  to  be e s tim a te d , e .g . ,
t o ta l  co a t v a . average c o a t, depends to  a la rg e  e x te n t upon the  prim ary
o b je c tiv e s  o f the  s tu d y . Given th a t  these  a re  to  examine the qu estio n s
of economies of sc a le  and economies of u t i l i s a t i o n ;  and to  determ ine
whether a firm  th a t  adopts a m arginal coat p r ic in g  system  can opera te
w ithout a subsidy , an average c o s t fu n c tio n  i s  p o s tu la te d  in  th is  s e c tio n .
Follow ing t r a d i t io n a l  economic a n a ly s is  o f e l e c t r i c  u t i l i t i e s ,  the  c o s t
p e r k ilo w a tt-h o u r o f e l e c t r i c i t y  supply Is  r e la te d  to  c a p a c ity , o u tp u t,
2
and number o f custom ers, o th e r  th in g s  e q u a l. S tran g e ly  enough, previous 
e m p irica l In v e s tig a tio n s  o f the s u b je c t ,  to  the a u th o r 's  knowledge, have
3
no t attem pted  to  d e riv e  a fu n c tio n a l r e la t io n s h ip  of t h i s  exac t form.
I t  has been sa id  th a t  the  co s t fu n c tio n  " I s  a c e t e r i s  pa ribus 
p ro p o s itio n  th a t  demands an in t r i c a t e  p ro cess in g  o f the  norm ally a v a i l ­
ab le  accoun ting  d a ta , i f  theae a re  to  y ie ld  the hidden re la t io n s h ip
Awhich th e  c o s t fu n c tio n  re p re s e n ts ." ^  That l a ,  In  b u ild in g  a model o f 
c o s t the h i s t o r i c a l  d a ta  r e f l e c t  the in flu e n ce s  o f many cau ses; hence, 
the  c e te r i s  p a rib u s  fa c to r s  must be accounted fo r  i f  the  tru e  re la t io n s h ip
2
See C hapter I I I ,  pp. 56-57.
3
This perhaps can be a t t r ib u te d  to  th e  f a c t  th a t  the main concern 
o f thoae s tu d ie s  was the  a n a ly s is  o f only the g en e ra tio n  co s t a sp ec ts  
o f e l e c t r i c  u t i l i t y  p la n ts .
4
Hans Apel, "M arginal Cost Constancy and I t s  Im p lic a tio n s ,"  
American Economic Review (December, 1948), p . 870.
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between average c o a t end c a p a c ity , o u tp u t, and minber o f custom ers la  
to  be a c c u ra te ly  e e ta b lla h e d .
Three approachee e x la t  fo r  the  trea tm en t of th e  c e te r la  parlbua 
f a c to r s .  The f l r a t  one, which haa been the most p o pu lar, la  to  d e f la te  
o r c o rre c t  the  co a t f lg u re a  w ith  the purpoae of e lim in a tin g , whenever 
p o a a lb le , th e  e f f e c ta  of auch f a c to ra .  For example, changea ln  the 
annual o p e ra tio n  and m aintenance expenaea o f an e l e c t r i c  u t i l i t y  may 
be the r e s u l t  o f v a r ia t io n a  In  th e  s a la r ie s  and wages o f i t s  employees 
and the p r ic e  of the  fu e l u t i l i z e d ,  both  in  response to  In flu en ces o th e r 
than  the  f irm ’s pu rch ases. An ad justm en t Is  made by d e f la t in g  the  c o s t 
f ig u re s  by an a p p ro p ria te  Index o f fa c to r  p r ic e s .  This p rocedure, 
however, has been shown to  lead  " to  b ia s  in  the  e s tim a tio n  o f the c o s t 
curve u n le ss  c o rre c t  w e igh ts , which depend on (unknown) param eters of 
the p roduction  fu n c tio n , a re  used .
The second approach i s  to  r e c a lc u la te  th e  c o s t f ig u re s  by apply­
ing some se le c te d  s e t  o f f a c to r  p r ic e s  to  the  a c tu a l  f a c to r  inpu ts of 
each tim e p e rio d . I t  has been dem onstra ted , though, th a t  where the 
p ro p o rtio n s  in  which f a c to r s  a re  employed can be a l te r e d  in  re a c tio n  
to  changea In  t h e i r  r e l a t iv e  p r ic e s ,  t h i s  technique w i l l  produce an 
oversta tem en t o f the  c o s ts  o f every  p e rio d  except the  one to  which the 
s e le c te d  f a c to r  p r ic e s  r e la te .* ’
The th ird  and l a s t  method o f c o rre c tio n  is  to  inc lude  the  c e te r i s
^Nerlove, "Returns to  S ca le ,"  pp. 172-173.
*The proof i s  developed in  Caleb A. Smith, "The Coat-Output 
R elation  for the U.S. S te e l Corporation," Review o f Economic S ta t ia t lc a  
(November, 1942), pp. 166-176. See a lso  Johnston, S t a t is t ic a l  Coat 
A n alysis, pp. 170-176.
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p a rib u s  fa c to r s  d i r e c t ly  ln  the  c o s t eq u a tio n  as a d d it io n a l  exp lanato ry  
v a r ia b le s .  This i s  the  procedure follow ed h e re . The coat model Is  
d escribed  In  d e t a i l  below.
DEPENDENT VARIABLE - The annual average o r p e r  u n i t  coat of 
e l e c t r i c i t y  i s  the  v a r ia b le  to  be ex p la in ed . For a p a r t ic u la r  e l e c t r i c  
u t i l i t y  th i s  v a r ia b le  Is  c a lc u la te d  from the d iv is io n  o f the  y e a rly  
t o t a l  coat of g e n e ra tio n , tran sm iss io n , and d i s t r ib u t io n  by the c o rre s ­
ponding k ilo w a tt-h o u r o u tp u t. The t o t a l  c o s t f ig u re  la  ob tained  by 
adding the annual o p e ra tio n  and m aintenance e x p en se s--m a te rla ls , su p p lie s , 
la b o r , and f u e l - - t o  th e  annual f ix ed  charges—c o s t o f money, d ep rec ia ­
t io n ,  In te rim  rep lacem en ts, In su rance , and ta x e s . The l a t t e r  a re  
estim ated  a s  12.5 per cen t of th e  o r ig in a l  c o s t investm ent in  u t i l i t y  
p la n t  in  s e rv ic e , com prising lan d , s t r u c tu r e s ,  and equipm ent.^
INDEPENDENT VARIABLES - C apac ity , o u tp u t, number o f custom ers, 
and the c e te r i s  p a rib u s  f a c to r s —namely, resou rce  p r ic e s ,  technology, 
and type of f u e l - - a r e  in  g en era l th e  ex p lan a to ry  v a r ia b le s  inco rpora ted  
In to  the c o s t fu n c tio n . The s iz e  o r c a p a c ity  of the  firm , which is  the  
r e s u l t  o f  investm ent expenses in  g e n e ra tio n  p la n ts ,  tran sm iss ion  l in e s ,  
s u b s ta t io n s , and p a r t  o f th e  d is t r ib u t io n  system , i s  included in  o rder
7
The 12.5 pe r cen t f ig u re  fo r  the  annual f ix ed  charges i s  based 
on com putations by F edera l Power Commission p e rso n n e l. In  th i s  regard  
co n su lt the  fo llow ing  Commission re p o r ts :  N ationa l Power Survey. P a r t
I ,  pp. 282-283; H y d ro e lec tric  Power E v a lu a tio n  (W ashington, D.C.:
U.S. Government P r in t in g  O ff ic e , 1968), pp. 77-78; and H y d ro e lec tric  
Power E v a lu a tio n . Supplement No. 1 (W ashington, D .C.: U.S. Government
P r in t in g  O ff ic e , 1969), p . 3 . The f i r s t  p u b lic a tio n  e s tim a te s  the 
annual f ix ed  expenses o f u t i l i t i e s  u sin g  the  ateam g en era tio n  method. 
The o th e r  two do th e  same th in g  ln  o rd e r to  compare these  expenses w ith  
those  o f  h y d ro e le c tr ic  power p r o je c ts .  A s im ila r  f ig u re  fo r  the  annual 
f ix e d  charges has been used in  p rev ious s tu d ie s .  For example, see L ing, 
Economies o f S c a le , p . 65, and O lson, E f f ic ie n t  E le c t r i c i ty  Supply. 
p . 34.
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to  analyse  the  long run q u e s tio n  o f re tu rn s  to  s c a le .  I t  Is  coononly 
s s s e r te d  t h a t ,  o th e r  th in g s  e q u a l, the la rg e r  th e  e l e c t r i c  power e n te r ­
p r i s e ,  the  lower I t s  u n i t  c o s t ,  meaning th a t  In c re as in g  re tu rn s  or 
economies of sc a le  are  the  long run  ru le  ln  the  In d u s try . I f  th i s  Is  
so , then an Inverse  r e la t io n s h ip  between cap ac ity  and average c o s t should 
be ob tained  e m p ir ic a lly .
Electric utilities muBt have enough capacity to meet the coin­
cident demand, or peak load, of all customers even though this maximum 
demand on the system may come only for a few minutes or a few hours at 
periodic Intervals of time. Except for peak demand periods, there is 
normally unused capacity. The maintenance of this capacity implies that 
electric utilities must make relatively greater Investments ln plant 
and equipment than other industries, a requirement that gives rise to 
a cost structure dominated by fixed costs. Thus, It is suggested that 
economies of utilisation arise In the supply of electricity from the 
distribution of the overhead costs associated with a given size over 
varying amounts of output, I.e., average cost should be a decreasing 
function in the short run because of the dispersion of the heavy fixed 
costs.
To t e s t  th is  r e s u l t ,  r a th e r  than considering  p la in  ou tpu t 
generated  as a v a r ia b le  in  the  c o s t eq u a tio n , I t  la  more convenient to  
express i t  as a p ro p o rtio n  of the  ou tpu t th a t  would be produced i f  the  
e l e c t r i c  power firm  were to  o p e ra te  a t  f u l l  c a p a c ity . The r a t i o  of 
a c tu a l  to  p o te n t ia l  o u tp u t—i .e . , - a n n u a l  ou tpu t generated  in  k ilo w a tt-  
hours d iv id ed  by the product o f  in s ta l l e d  c a p a c ity  in  k ilo w a tts  tim es 
8 ,760 , the  number o f hours in  a y e a r- - th e n  becomes a measure o f the
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e x te n t to  which the e l e c t r i c  company usea l t a  e x la tin g  c a p a c ity .”
Coupled w ith  the  ex ia tan ca  o f economies o f s c a le ,  a f in d in g  o f economies 
o f u t i l i z a t i o n ,  s ig n if ie d  by an in v erse  r e la t io n s h ip  between the  ou tpu t 
r a t i o  and u n i t  c o s t ,  would have an im portant im p lica tio n  w ith  re sp e c t 
to  the m arginal c o s t p r ic in g  p ro p o sa l; namely, th a t  s in ce  the  average 
co st fu n c tio n  i s  d e c lin in g  in  bo th  th e  long run  and the sh o rt run , 
s e t t in g  a p r ic e  equal to  m arginal c o s t ,  w hether long run  or sh o rt run , 
w i l l  give r i s e  to  lo sse s  fo r  the  in d iv id u a l f irm s .
The number o f custom ers v a r ia b le  i s  included ln  the  c o s t equation, 
in  o rder to  account fo r :  (a )  p a r t  of th e  c o s t o f th e  d i s t r ib u t io n  n e t­
work o f the e l e c t r i c  u t i l i t y ;  (b) the  expenses in cu rred  as the  customer 
u t i l i z e s  the  se rv ic e , such s b  m etering  c o s ts ,  bookkeeping and c o lle c t io n  
charges, e t c . ;  and (c )  the  c o s t o f i n s t a l l a t i o n  and connection  experienced  
befo re  the  beginning o f se rv ic e  to  the  new consumer. I t  is  expected th a t  
an in c rease  ln  the  number o f custom ers, o th e r  th in g s  eq u a l, should r e s u l t  
in  a r i s e  o f e l e c t r i c i t y  u n i t  c o a t .
I t  i s  ev id en t th a t  the  average c o s t  o f e l e c t r i c i t y  supply depends 
upon th e  p r ic e s  paid  fo r  th e  f a c to r s  o f p roduction  and th a t  th e  r e la t io n ­
sh ip , w ith  o th e r  in flu e n ce s  removed, should  be a d i r e c t  one, i . e . ,  as 
f a c to r  p r ic e s  r i s e  so does average c o s t .  Fuel expend itu res a re  the  most 
im portant component of annual o p e ra tio n  and m aintenance c o s ts ,
Q
" A lte rn a tiv e ly , the  complement o f  th is  r a t i o  can be sa id  to  re p re ­
se n t th e  amount o f "excess" c a p a c ity  e x is t in g  in  the g iven  firm . That ip , 
"excess" ln  th e  sense th a t  " i f  i t  were n o t fo r  the  demand and o th e r  ch ar­
a c t e r i s t i c s  th a t  r e s u l te d  in  uneven le v e ls  o f consumption o r g en era tio n  
among the  hours' o f  the  day o r the  days o f th e  y e a r , the  energy re q u ire ­
ments o f th e  u t i l i t y  could have been met w ith  a p ro p o rtio n a te ly  sm a lle r 
amount o f in s ta l l e d  c a p a c ity  i f  t h i s  c ap a c ity  ware con tinuously  em ployed." 
Iu lo ,  E le c t r ic  U t i l i t i e s ,  p . 61.
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re p re se n tin g  ebout one th ir d  o f th e  t o t a l  and around th re e - fo u r th s  of 
those expenses a sso c ia te d  only w ith  the g en era tin g  o p e ra tio n . Because 
u t i l i t i e s  a re  a b le  to  bum  more than one type of f u e l—c o a l, o i l ,  gas—
In  order to  provide the  steam req u ired  fo r  e l e c t r i c i t y  g en e ra tio n , the 
p r ic e s  o f the d i f f e r e n t  fu e ls  have to  be pu t upon a comparable b a s is  I f  
th e i r  e f f e c t  Is  to  be r e f le c te d  by a s in g le  v a r ia b le .  Since th e  main 
a t t r ib u te  of a fu e l Is  I t s  a b i l i t y  to  g ive up h e a t when consumed, the 
common u n it  used fo r  th is  purpose I s  the  B r i t i s h  Thermal U nit (BTU).
Hence, the p r ic e  o f fu e l ,  expressed in  $ per m il l io n  BTU's, i s  incorpo­
ra te d  in to  the c o s t fu n c tio n .
The p r ic e  o f la b o r , s ta te d  in  $ per hour, I s  ano ther resou rce  
expense v a r ia b le  con ta ined  In  the c o s t eq u a tio n . Because I t  Is  no t 
a v a ila b le  fo r  a l l  the  firm s In the  sam ple, the  wage r a t e  employed In  
the  e s tim a tio n  p rocess i s  th a t  o f a l l  m anufacturing w orkers In  the  main 
a rea  where the u t i l i t y  does most of i t s  b u s in e ss . A c r i t ic i s m  a r is e s  
in  th a t  to  the  e x te n t th a t  the  average hou rly  ea rn in g s  m irro r the  v a rio u s  
in d u s t r ia l  com positions in  the d i f f e r e n t  reg ions fo r  which the  d a ta  a re  
re p o r te d , the In d iv id u a l f ig u re s  do no t re p re se n t a c c u ra te ly  the  same 
type and d is t r ib u t io n  of lab o r s k i l l s .  N onetheless, " th is  l im i ta t io n  
would be p re se n t a t  any le v e l  o f approxim ation sh o r t  o f  a w age-rate  
s e r ie s  fo r  the  s p e c if ic  types of lab o r s k i l l s  u t i l i s e d  by th e  e l e c t r i c  
u t i l i t y  in d u s try ."^
In c reases  in  th e  p r ic e  of c a p i ta l  over tim e may r e s u l t  in  an 
e l e c t r i c i t y  company which d id  th e  bu lk  o f i t s  In v e s tin g  ten  o r  more 
years ago, having lower u n i t  c o s ts  th an  an o th er one whose m ajor expansions
9
Ib id . ,  p. 68.
91
have occurred  more r e c e n t ly .  T herefore the  p r ic e  of c a p i ta l ,  l ik e  o th e r  
reso u rce  p r ic e s ,  should be sn  exp lanato ry  v a r ia b le  added e x p l ic i t ly  to  
the  c o s t r e la t io n s h ip .  To compute the  p r ic e  o f c a p i ta l  one must know 
among o th e r  th in g s  the  r a te  a t  which the  firm  can borrow, the c o s t of 
e q u ity  f in a n c in g , and the  a c tu a l c o s t o f c o n s tru c tio n  o f each item  of 
p la n t a t  the  tim e i t  was a c tu a l ly  b u i l t . T h e  problem however i s  th a t  
th i s  k ind  of in fo rm ation  i s  n o n e x is te n t. In  o rder to  circum vent th is  
o b s ta c le  and account fo r  changes in  the p r ic e  of c a p i ta l ,  a v a r ia b le  
termed th e  w eighted average age of th e  firm  and measured in  years  has 
been d ev ised .
But the  in c lu s io n  o f  th i s  v a r ia b le ,  which re p re se n ts  an a d d itio n  
to  p rev ious works in  th e  f i e l d ,  i s  a ls o  designed to  r a t io n a l i s e  ano ther 
elem ent th a t  a f f e c ts  u n i t  e l e c t r i c  c o s t ,  namely technology. In  the 
p a s t t h i r t y  y e a rs , te c h n o lo g ic a l advances have In fluenced  the g e n e ra tio n , 
tran sm iss io n , and d is t r ib u t io n  a sp ec ts  of e l e c t r i c  u t i l i t y  o p e ra tio n s . 
Hence, the  w eighted average age of the  firm  i s  im portan t because i t  
r e f l e c t s  no t only the  p r ic e  of c a p i ta l  bu t a ls o  the le v e l  o f technology 
p re v a ilin g  a t  the  time o f i n s t a l l a t i o n .  S p e c if ic a l ly ,  the  weighted 
average age v a r ia b le  i s  computed by f i r s t  exp ressing  th e  annual n e t 
expansions o f the  firm  c ap a c ity  s in ce  1946 as a p ro p o rtio n  of the t o ta l  
c ap a c ity  in  se rv ic e  and second ly , u sing  th ese  f r a c t io n s  as w eights in  
con junction  w ith  the corresponding  age. The s e le c tio n  o f 1946 as the 
base i s  j u s t i f i e d  because p r a c t ic a l ly  se ro  c ap a c ity  was added during
10Thus, as one au tho r has s a id ,  many "conceptual as w ell as p rac ­
t i c a l  d i f f i c u l t i e s  a re  involved in  fo rm u la ting  an a p p ro p ria te  measure 
o f  the p r ic e  o f c a p i t a l .^  Such problems a re ,  in  f a c t ,  the ra iso n s  d 'f t t re  
fo r  . . . /u s in g  a m ode// which perm its us to  ignore c a p i ta l  p r ic e s  
a l to g e th e r ."  N erlove, "R eturns to  S c a le ,"  p . 190.
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the  World War I I  y ea rs  and p r io r  d a ta  on t h i s  v a r ia b le  la  n o t r e l i a b l e .
The fo llow ing  examples should he lp  c l a r i f y  the  c a lc u la t io n  
p rocedure: fo r  a p a r t i c u la r  firm  In  the  y ear 1959
k46 k 47-k46 K48-K47 K5 9 * 5 8
WAA59 -  --^< 14) + '  •■—<13) + ”  - - ( 1 2 )  + . . . + 3C(1)
K59 K59 K59 K59
where WAA Is  w eighted average age In  y e a rs , K la  cap a c ity  In  k i lo w a tts ,  
the  s u b s c r ip t  denotes the  p a r t i c u la r  y e a r , and the numbers In  paren theses 
In d ic a te  the  corresponding age In  y ears  In  1 9 5 9 ;^  s im ila r ly  fo r  a firm  
in  1960
K4 6 „ c* * 4 7 * 4 6 , , , *  ^  K48-K4 7 ,,„ *  ^  ^ * 6 0 * 5 9 , , *WAAg0 -  - — (1 5 ) + — ------- (1 4 ) +  —  ------- (1 3 ) +  . . . +  —  ------- ( 1 ) .
60 60 60 *-60
A fin d in g  of a d i r e c t  r e la t io n s h ip  between the  w eighted average age of 
th e  f irm  and u n i t  c o s t can be In te rp re te d  as meaning th a t  newer cap ac ity  
o r  le s s  age i s  a s so c ia te d  w ith  lower k ilo w a tt-h o u r  c o s t and consequently  
th a t  te c h n o lo g ic a l Improvements have o f f s e t  the h ig h e r c a p i ta l  p r ic e s  
over th e  y e a rs .
The e f f e c t  o f technology Is  a d d it io n a l ly  rep re se n te d  in  the  c o s t 
fu n c tio n  by a measure o f  therm al e f f ic ie n c y ,  namely the  h e a t r a t e .  This 
v a r ia b le ,  which shows the  c a l o r i f i c  in p u t In  BTU's req u ire d  to  genera te  
one k ilo w a tt-h o u r  o f e l e c t r i c i t y ,  i s  expected  to  be d i r e c t ly  r e la te d  to  
average c o s t .  As the  h ea t r a t e  d ecreases ( In c re a s e s ) ,  average co s t 
should f a l l  ( r i s e ) .  Im p lic i t  In  th e  use o f th is  v a r ia b le  as a proxy 
fo r  techhology i s  th e  assum ption th a t  p ro g ress  in  the  tran sm iss io n  and
The net capacity  add ition  fig u r es , i . e . ,  where 1 denotes
the p articu lar  year, do not r e f le c t  tha mere replacements o f old by now 
cap ac ity . Since data on actu a l add itions and retirem ents Is not a v a il­
a b le , these changes can not be considered.
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d is t r ib u t io n  o f e l e c t r i c i t y  occurs s t  spprox im stely  the  sens r s t e  ss  
th a t  In  steam g e n e ra tio n . T his sssum ption i s  p a r t i a l l y  supported be­
cause In  r e a l i t y  a lthough improvements in  tran sm iss io n  e f f ic ie n c y  have
taken  p lace  a t  a f a s t e r  r a te  than  those in  therm al o r g en era tio n
12e f f ic ie n c y , th e  opposite  has h e ld  tru e  fo r  d i s t r ib u t io n .
L a s tly , i t  is  g e n e ra lly  accepted th a t  the type of fu e l in  use 
may have a s u b s ta n t ia l  e f f e c t  upon th e  e l e c t r i c  u t i l i t y  u n i t  c o s t .  The 
th re e  major types of fu e l u t i l i z e d  by the firm s in  the sample are c o a l, 
n a tu ra l  gas, and o i l .  Each of the th re e  has c e r ta in  in h e re n t advantages 
and d isad v an tag es, e i th e r  fo r  tech n o lo g ica l o r economic rea so n s . For 
example, the adop tion  of a g iven  fu e l depends upon I t s  in h e re n t burning 
e f f ic ie n c y , s to ra g e  f a c i l i t i e s  and c o s ta , w aste-p roduct rem oval, e t c . .  
Many u t i l i t i e s  have equipment s e t  up to  o p era te  w ith  more than  one type 
in  o rder to  produce the  steam  needed fo r  the g en era tio n  of e l e c t r i c i t y .  
Under a p p ro p ria te  c ircum stances th e  employment o f a com bination of fu e ls  
may y ie ld  the low est o v e r - a l l  average codt to  the  firm . To account fo r  
th i s  f a c to r  a v a r ia b le  d efined  as th e  percen tage th a t  ou tpu t generated  
using  co a l as a fu e l  i s  of t o ta l  ou tpu t generated  i s  Included in  the 
c o s t fu n c tio n . The a p r io r i  r e l a t io n  i s  co n cep tu a lly  in d e te rm in a te , 
i . e . ,  t h i s  v a r ia b le  can be e i th e r  d i r e c t ly  o r in v e rse ly  r e la te d  to  c o s t 
per k ilo w a tt-h o u r , in d ic a tin g  th a t  the  g re a te r  the  p ro p o rtio n  of coal 
consumed, the h ig h e r o r  low er, re s p e c t iv e ly , i s  u n i t  e l e c t r i c  c o s t .
12See F edera l Power Commission, N ationa l Power Survey. P a r t  I ,  
pp . 65-67 and 149-162; and D is tr ib u tio n  T echnical A dvisory Committee 
fo r  th e  N ational Power Survey, "The D is tr ib u tio n  o f E le c t r ic  Power" 
(a re p o r t  to  the  F edera l Power Conmlssion, mimeographed, June 1969), 
pp. 75-147.
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S t a t i s t i c a l  A nalysts 
In  the p reced ing  s e c tio n  the  fo llow ing  fu n c tio n a l re la t io n s h ip  
fo r  the average co a t of an e l e c t r i c  u t i l i t y  i s  proposed:
c ■ f (x ^ , *2 * x3 » x4 * x5» x6* x7» x8^
where c ■ average or u n i t  c o s t in  $ per k ilo w a tt-h o u r;
x i  “  firm  s iz e  o r cap a c ity  in  k ilo w a tts ;
X2 “ ou tpu t r a t i o  o r u t i l i z a t i o n  f a c to r ,  i . e . ,  annual ou tpu t in  
k ilo w a tt-h o u rs  d iv ided  by the product of c ap a c ity  in  k i lo ­
w a tts  tim es 8 ,760 hours per y ear;
X3 ” number of custom ers;
X4 ” p r ic e  of fu e l in  $ per m ill io n  BTU's; 
x5 -  wage r a t e  in  $ per hour;
xg * w eighted average age of the  firm  in  y e a rs ;
X7 ” h e a t r a t e  in  BTU's per k ilo w a tt-h o u r; and
xg * per cen t th a t  ou tpu t generated  using  coal as a fu e l i s  of
to ta l  ou tpu t genera ted .
The o b je c tiv e  o f th e  s t a t i s t i c a l  a n a ly s is  i s  to  d e riv e  v ia  o rd inary  
le a s t  squares methods a re g re s s io n  equation  which describes th is  r e l a t i o n ­
sh ip . The genera l procedure follow ed i s  o u tlin ed  below.
Two forms of the  c o s t fu n c tio n  were se le c te d  fo r  in v e s tig a tio n :
( 1) c -  h + £  a x .
i
i  -  1, 2 .............. 8
(2) C - v TT xibi
i  1
where h , v ,  a^ , b^ ■ the  param eters to  be e s tim a ted . The f i r s t  equation  
was t r i e d  because the  sample v a lu es  of the  independent v a r ia b le s  appeared 
to  f a l l  w ith in  r e l a t iv e ly  narrow l im its  and the r e la t io n s h ip s  Beemed to  
be m onotonic. Because i t  was l in e a r ,  t h i s  equation  im plied th a t  a u n i t  
change in  an independent f a c to r  always re s u l te d  in  a co n stan t change in  
the c o s t  p e r k ilo w a tt-h o u r . Since i t  was more reasonab le  to  assume th a t  
a u n i t  percen tage  change in  an ex p lana to ry  v a r ia b le  was always a sso c ia te d  
w ith  a co n stan t percen tage change in  average c o a t, the  second equation  
was co n sid ered . This equation  then  suggested th a t  r e l a t iv e  and no t
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a b so lu te  changes In  the  ex p lan a to ry  v a r ia b le s  a ffe c te d  u n i t  e le c t r i c
c o s ts .  S p e c if ic a l ly ,  I t  im plied a c u rv i l in e a r  r e la t io n s h ip  w ith c o s t
per k ilo w a tt-h o u r being  a fu n c tio n  of the  product of the independent
13v a r ia b le s  and the  b param eters re p re se n tin g  p a r t i a l  e l a s t i c i t i e s .
In  o rd er to  determ ine which o f th e  two equations Is  th e  more 
acc u ra te  re p re s e n ta tio n  o f the  average c o s t fu n c tio n , th e  ensuing b asic  
c r i t e r i a  were a p p lied : (a )  g iven  th a t  the  ad ju sted  c o e f f ic ie n t  of
m u ltip le  d e te rm in a tio n  shows the  p ro p o rtio n  of the v a r ia t io n  in  u n i t  co st 
th a t  i s  exp la ined  by th e  in flu en ce  of the  independent v a r ia b le s ,  the 
eq u a tio n  w ith  the su p e rio r  v a lu e  fo r  th is  c o e f f ic ie n t  was deemed more 
a p p ro p r ia te ;  and (b) th e  d i r e c t io n  of the re la t io n s h ip  between th e  s ig ­
n i f ic a n t  f a c to r s  and average c o s t in  the eq u a tio n  chosen had to  be in  
conform ity  w ith  a p r io r i  e x p e c ta tio n s . For example, h ig h er resou rce  
p r ic e s  were supposed to  be a s so c ia te d  w ith  g re a te r  c o s t  pe r k i lo w a tt-  
hour; i f  they  were n o t ,  the  r e la t io n s h ip  had to  be considered  i l lo g ic a l  
and thus r e je c te d .  i
The c o s t eq u a tio n  se le c te d  was estim ated  no t only fo r  the  whole 
sam ple, u sin g  pooled as w e ll a s  c ro s s -s e c tio n a l  o b se rv a tio n s , bu t a ls o  
fo r  subsamples taken  on the  b a s is  o f the  geograph ica l lo c a tio n  
and s iz e  o f the  f irm s . Many fa c to r s  th a t  va ry  from one reg ion  
to  an o th e r may a f f e c t  average e l e c t r i c  c o s ts .  For example, u t i l i t i e s  
o p e ra tin g  in  the  n o rth e rn  s t a te s  may have h ig h er u n i t  c o s ts  because of 
severe  c lim a tic  c o n d itio n s . Companies s i tu a te d  near good sources of 
coo ling  w ater such as th e  G reat Lakes tend  to  have lower c o s t pe r 
k ilo w a tt-h o u r  than  th o se  lo ca ted  in  a r id  o r sem iarid  reg io n s l ik e  the
13That i s ,  bjL -  (X j/c) ( f c c / f c x ^ .
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14Southw est. E le c t r ic  p la n ts  In  the  South a re  u su a lly  of th e  outdoor 
ty p e , w h ile  In  the  North they  a re  c h ie f ly  of th e  Indoor ca teg o ry . The 
c o n s tru c tio n , o p e ra tio n , and m aintenance expenses d i f f e r  fo r  these  types 
of p la n ts .  Since firm s In  each geograph ica l a rea  a re  more homogeneous 
w ith  re s p e c t  to  th ese  f a c to r s ,  I t  was expected th a t  f i t t i n g  the equation  
to  re g io n a l subgroups would improve th e  ex p lan a to ry  power of the 
re g re s s io n .
Because of the  s p e c i f ic a t io n  o f the  model, the  c o s t- s iz e  r e la t io n ­
sh ip  fo r  the  e n t i r e  sample could only be e i th e r  c o n tin u a lly  decreasing  
o r c o n tin u a lly  in c re a s in g . In  view of the  im portance o f th e  economies 
o f s c a le  q u e s tio n , the  p o s s ib i l i ty  o f changes in  th i s  r e la t io n s h ip — 
e . g . ,  d ecreasin g  and then Increasing --w as in v e s tig a te d  by e s tim a tin g  the 
c o s t equation  chosen fo r  s iz e  subsamples and then  comparing the  c o e f­
f i c i e n t s  o f th e  cap a c ity  v a r ia b le  among th e m .^  An example can he lp  c la r ­
i fy  th e  r a t io n a le  of th i s  approach. Assume th a t  the c o s t - s lz e  r e l a t io n ­
sh ip  fo r  the  whole sample tu rn s  ou t to  be c o n tin u a lly  d e c lin in g , as de­
noted by a n eg a tiv e  (and s ig n i f ic a n t )  c o e f f ic ie n t  of th e  cap a c ity  v a r ia b le  
(x ^ ) . I t  may be though th a t  economies o f sc a le  a re  a c tu a l ly  exhausted 
o r o f f s e t  by diseconom ies a t  a c e r ta in  c a p a c ity , b rin g in g  about a con­
s ta n t  o r  r i s in g  long run  average c o s t cu rve . A t e s t  i s  made by f i t t i n g  
th e  c o a t eq u a tio n  se le c te d  to  s iz e  subgroups. I f  the  s c a le  c o e f f ic ie n t  
(b i)  approaches zero  o r becomes p o s i t iv e  when moving a c ro ss  the  re g re ss io n s
14This coo lin g  w ater i s  used fo r  steam  condensing purposes.
^ A  s im ila r  a n a ly s is  fo r  economies o f u t i l i z a t i o n  was no t c a r r ie d  
ou t s in c e  the m a jo rity  o f th e  u t i l i t i e s  in  th e  sample recorded u t i l i z a ­
t io n  f a c to r s  w ith in  th e  r e l a t i v e ly  narrow range o f 40 to  60 per c e n t.
*
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from the email to  the la rg e  e ls e  subgroups, t h i s  can be used as evidence 
to  conclude th a t  economies o f sc a le  decrease  in  Importance or even d i s ­
appear as e l e c t r i c  u t i l i t i e s  grow la rg e r .
R egression  R gjyltg
E quations (1 ) and (2) were estim ated  on the  b a s is  of the e n t i r e
sample o f 56 firm s. The d a ta  c o n s is te d  of pooled o b serva tions covering
the te n  year pe riod  ex tending  from 1959 to  1968. Hence, the  number of
o b se rv a tio n s (n) was 560 f o r  each v a r ia b le .  Applying the  two c r i t e r i a
e s ta b lis h e d  in  the p rev ious s e c t io n , equation  (2) was chosen as the more
accu ra te  re p re s e n ta tio n  of the average co s t fu n c tio n . S p e c if ic a l ly , the
-2value  of the  a d ju s te d  c o e f f ic ie n t  o f m u ltip le  d e te rm ina tion  (R ) fo r  
equation  ( 2) was h ig h e r than  th a t  fo r  equation  ( 1) ;  they  were re sp e c tiv e ly
0.831 and 0 .639. Furtherm ore, w hile  th e  d i r e c t io n  of the  re la t io n s h ip  
between the  independent v a r ia b le s  and u n i t  c o s t in  eq u atio n  ( 2) agreed 
w ith  a p r i o r i  e x p e c ta tio n s , the  same was no t t ru e  in  equation  (1 ) .  The 
c o e f f ic ie n ts  of th e  p r ic e s  o f fu e l (x^) and lab o r (x^) in  equation  ( 1) ,  
a lthough  s ig n i f ic a n t ,  had n e g a tiv e  s ig n s . T h ere fo re , th a t  equation  
in d ic a te d  th a t  h ig h e r p r ic e s  fo r  th ese  re so u rce s , o th e r  th in g s  eq u al, 
were a sso c ia te d  w ith  lower average c o s t ,  an outcome th a t  prlma fa c ie  was 
unreasonable and had to  be d isc a rd e d .
Table 4-1 sunanarizes the  f in d in g s  ob tained  from the  le a s t  squares 
re g re ss io n  corresponding to  the  eq u atio n  s e le c te d , th a t  i s ,  equation  (2) .  
N otice th a t  the  r e la t io n s h ip  becomes l in e a r  through a logarithm ic  t r a n s ­
fo rm ation , i . e . ,  by tak in g  th e  logarithm s of the  v a r ia b le s  on both s id e s  
of the  e q u a tio n . Thus,
n  b i
( 2) c -  v T 7 x t  1
i
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i s  eq u iv a le n t to  1 * 1, 2 , . . . , 8
(3 ) log  c -  log  v + log  x ± o r C * k + b ^
where the co n stan t term k and the  c a p i ta l  l e t t e r s  denote the n a tu ra l  
logarithm s of v and the  s im ila r  low er-case l e t t e r s ,  r e s p e c t iv e ly . The 
log l in e a r  form rep re sen ted  by eq u atio n  (3) is  a c tu a l ly  the  one re fe r re d  
to  In  the  ta b le .
TABLE 4-1
MULTIPLE REGRESSION, WHOLE SAMPLE, 
POOLED DATA, 1959 TO 1968
Independent V ariab le R egression  C o e ff ic ie n t 
(b 4)
t - S t a t l s t l c
X1 -0 .431 -15.525







k -  -6 .6 5 0 , t - s t a t i s t l c  ■ -5 .996 
n -  560 
flZ-  0.831
I t  can be seen th a t  the  re g re s s io n  r e s u l t s  a re  encouraging.
H ere, the s ig n s  of a l l  th e  c o e f f ic ie n ts  conform to  a p r io r i  co n sid e ra ­
t io n s ,  the  t - s t a t l s t i c s  in d ic a te  th a t  th ese  c o e f f ic ie n ts  a re  a l l  s i g n i f i ­
can t a t  the  1 per cen t l e v e l ,  and the v a lu e  of the  c o rre c te d  c o e f f ic ie n t  
of m u ltip le  d e te rm ina tion  shows th a t  83.1  p e rcen t of the  to ta l  v a r ia t io n
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In  the  c o s t per k ilo w a tt-h o u r I s  accounted fo r  by the e ig h t Independent 
v a r ia b le s  analyzed .
The c o e f f ic ie n ts  o f the  s iz e  (X^) >nd u t i l i z a t i o n  (X^) v a r ia b le s  
a re  neg a tiv e  rev e a lin g  the p re d ic te d  inverse  r e la t io n s h ip  between th ese  
fa c to r s  and u n i t  e l e c t r i c  c o s t .  Urns, i t  can be concluded th a t  the 
average c o s t of e l e c t r i c i t y  supply  i s  a d e c lin in g  fu n c tio n  in  both the
I
long run  and sh o rt run  because of the  e x is te n c e , re s p e c t iv e ly , of 
economies of sc a le  and economies o f u t i l i z a t i o n .  The im p lic a tio n  w ith 
re sp e c t to  a p o lic y  of e i th e r  long run o r sh o r t run  m arginal c o s t p r ic in g  
i s  c le a r ;  s ince  in  both cases  the m arginal c o s t curve must l i e  below the 
average co s t cu rve , s e t t in g  a p r ic e  determ ined by the  in te r s e c t io n  o f the 
demand and m arginal c o s t fu n c tio n s  w i l l  lead  in e v ita b ly  to  economic 
lo s se s  fo r  the p a r t i c u la r  f irm s .
Note a ls o  th a t  th e  v a lu es  o f the c o e f f ic ie n ts  of s iz e  (X^) and 
u t i l i z a t i o n  (X2) ,  being  p a r t i a l  e l a s t i c i t i e s ,  show re s p e c t iv e ly  th a t  w hile 
a 10 p e r cen t in c rease  in  c ap a c ity  r e s u l t s  i n  a 4 .31 per cen t decrease 
in  the c o s t p e r k ilo w a tt-h o u r , a 10 per cen t in c rease  in  u t i l i z a t i o n  
y ie ld s  a 5.45 per cen t decrease  in  th e  same c o s t .  Hence, economies 
o f u t i l i z a t i o n  appear to  be a more im portan t source o f c o s t savings than  
economies of s c a le .  From a p o lic y  s ta n d p o in t, th i s  means th a t  g re a te r  
a t te n t io n  should be pa id  to  improving the u t i l i z a t i o n  r a t io s  o f the  1 
in d iv id u a l e l e c t r i c  u t i l i t i e s  than  to  expanding t h e i r  c a p a c ity .
As expected , the  c o e f f ic ie n t  o f th e  number of custom ers fa c to r  
(X3) i s  p o s i t iv e  in d ic a tin g  th a t  th e  need f o r  more connection  f a c i l i t i e s ,  
m etering  equipm ent, m eter rea d in g , b i l l i n g ,  c o l le c t in g ,  and accounting  
a r i s in g  as more consumers a re  added to  the  system , o th e r  th in g s  eq u al, 
a c ts  so as to  in c rease  u n i t  e l e c t r i c  c o s t .  In  the  same manner, h ig h er
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re so u rce  p r ic e s  a re  seen to  be a sso c ia te d  w ith  h ig h e r va lues of c o s t 
p e r  k ilo w a tt-h o u r as dem onstrated by the  p o s i t iv e  c o e f f ic ie n ts  o f the 
p r ic e  o f fu e l (X^) and wage r a te  (X j) v a r ia b le s .  R eca ll t h a t ,  in  f a c t ,  
an opposite  f in d in g  In  t h i s  regard  was one of th e  causes th a t  led  to  
the r e je c t io n  of equ a tio n  ( 1) as the  b e t te r  re p re se n ta tio n  of the average 
c o s t  fu n c tio n .
The r e la t io n s h ip  between th e  w eighted average age o f th e  firm  
(Xg) and u n it  e l e c t r i c  co s t i s  a ls o  a d i r e c t  one. As exp la ined  e a r l i e r ,  
the  im p lica tio n  here  i s  th a t  in c re a se s  in  the  p r ic e  of c a p i ta l  over time 
have been o f f s e t  by te c h n o lo g ic a l p ro g ress  and thus the younger the  firm , 
the  lower the c o s t—an a s s e r t io n  th a t  i s  supported by some of th e  p re ­
v ious s tu d ie s  in  the  f i e ld  concerned w ith  the  tec h n o lo g ic a l development 
a sp ec t o f e l e c t r i c i t y  s u p p l y . T h e  e f f e c t  o f technology i s  confirmed 
by the  h ea t r a t e  v a r ia b le  (X ^). I t s  p o s i t iv e  c o e f f ic ie n t  in d ic a te s  th a t  
decreases in  the  h e a t r a t e —i . e . ,  a tec h n o lo g ic a l improvement denoting  
th a t  le s s  BTU's o f h ea t a re  needed to  genera te  one k ilo w a tt-h o u r of 
e l e c t r i c i t y —correspond to  lower average c o s t .
I t  i s  known th a t  th e  c o s t o f b u ild in g  c o a l- f i r e d  p la n ts  as w e ll 
as  th e  annual o p e ra tio n  and m aintenance expenses a re  la rg e r  then the 
s im ila r  co st and expenses o f p la n ts  designed to  bum  only o i l  o r  gas.
On th e  o th e r  hand, c o a l - f i r e d  p la n ts  have a h e a t r a t e  advantage over 
o i l -  o r gas-burn ing  p la n ts .  " In h e re n tly  coal i s  th e  most e f f i c ie n t  of 
the  th ree  fu e ls  and a good grade o f co a l p ro p erly  f i r e d  w i l l  produce
For example, c o n su lt th e  works of Komlya, B a rze l, Dhrymes and 
Kurz, and G a la tin  reviewed in  C hapter I I I ,  pp. 70-72 and 74-81. For 
some of the  re c e n t tech n o lo g ic a l advancements in  the p ro v is io n  of 
e l e c t r i c i t y  see C hapter VI, p* 130.
more u se fu l b e s t  energy than  an eq u iv a le n t BTU amount o f gas or o i l  f u e l .  
The n eg a tiv e  c o e f f ic ie n t  o f the  percen tage  th a t  coal generated  ou tpu t 
I s  of to ta l  ou tpu t generated  (Xg) showa th a t  th e  h ig h e r th i s  pe rcen tage , 
the  lower i s  u n i t  e l e c t r i c  c o s t .  Hence, g iven  th a t  the  firm  has p la n ts  
designed to  burn the  th re e  k inds o f f u e l ,  e f f ic ie n c y  co n s id e ra tio n s  
seem to  outweigh the  added expenses as.m ore co a l i s  used .
The log l in e a r  re g re s s io n  eq u atio n  was next f i t t e d  to  the  56 
firm  sample in  each of the  y ears  1959 through 1968. The o b je c tiv e  here  
was to  determ ine w hether th e  c ro s s - s e c tio n a l  f in d in g s  were com patible 
w ith  those d erived  from the preced ing  pooled a n a ly s is .  The year to  year 
exam ination, fo r example, could  be used to  a s c e r ta in  w hether th e re  were 
o th e r  Im portant f a c to r s  th a t  a f fe c te d  th e  u n i t  c o s t  o f e l e c t r i c i t y  
supply , f a c to r s  whose in f lu e n c e s  in  th e  g lo b a l In v e s tig a tio n  had averaged 
out v ia  the la rg e r  number o f o b se rv a tio n s  over th e  ten  y ear span. The 
r e s u l t s ,  p resen ted  in  Table 4 -2 , a re  r e a s s u r in g . .  J u s t  as b e fo re , the 
re g re ss io n  c o e f f ic ie n ts  a re  a l l  s ig n i f ic a n t  a t  th e  1 p e r cen t le v e l and 
the  d ir e c t io n  of th e  r e la t io n s h ip  r e f le c te d  by each c o e f f ic ie n t  s ig n  
ag rees w ith  what lo g ic a l ly  i s  expec ted . A look a t  the  v a lu es  o f the  
c o e f f ic ie n ts  re v e a ls  th a t  the  n e t  e f f e c t  o f the  e ig h t In d iv id u a l v a r i ­
ab les  considered  upon k ilo w a tt-h o u r  c o s t seems to  remain f a i r l y  c o n s ta n t. 
Moreover, the  a d ju s te d  c o e f f ic ie n t  o f m u ltip le  d e te rm in a tio n  fo r  each 
year f lu c tu a te s  between th e  r e l a t i v e ly  narrow range of 0.817 to  0 .857, 
as compared to  0.831 f o r  the pooled d a ta  In  Table 4 -1 . Thus, the  com­
b in a tio n  o f v a r ia b le s  s tu d ie d  ex p la in s  approxim ately  the same p ro p o rtio n  
of the t o t a l  v a r ia t io n  in  average e l e c t r i c  c o s t  annually  and fo r  the
l7P edera l Power Commission, n a tio n a l  Power Survey. P a r t ' I ,  p . 71.
CABLE 4-2
MULTIPLE REGRESSION, WHOLE SAMPLE, CROSS-SECTIONAL DATA, 1959 TO 1968
■ 1959 1960 1961 1962 1963
b l -0.400 -0.405 -0.430 -0.408 -0.416
(-7.767) (-7.779) (-7.442) (-7.101) (-6.899)
b2 -0.471 -0.531 -0.541 -0.498 -0.481£
(-8.169) (-6 .232) (-5.978) (-7.320) (-6.614)
b3 0.433 0.387 0.421 0.401 0.392
(7.014) (6.996) (7.163) (6.422) (5.988)
b4 0.308 0.299 0.311 0.314 0.295“T
(4.224) (3.971) (3.718) (4.004) (4.552)
b5 0.100 0.059 0.063 0.071 0.083
(3.118) (2.744) (2.910) (3.006) (2.814)
b6 0.109 0.114 0.122 0.113 0.128
(3.215) (2.999) (3.221) (3.344) (2.876)
b7 0.354 0.361 0.348 0.344 0.3639
(3.822) (3.112) (4.004) (3.522) (3.217)
b8 -0.008 -0.005 -0.004 -0.008 -0.011
(-2.901) (-3.101) (-2.774) (-2.883) (-3.005)
k -6.658 -7.103 -7.061 -7.224 -6.823
(-3.501) (-2 .977) (-3.252) (-3.321) (-3.632)
n 56 56 56 56 56
R2 0.849 0.823 0.829 0.817 0.857
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TABLE 4-2 (Continued)
1964 1965 1966 1967 1968
b l -0.399 -0.413 -0.422 -0.436 -0.411
(-6.914) (-7.306) (-7.448) (-6.851) (-7.398)
b2 -0.462 -0.572 -0.534 -0.527 -0.478
(-5.936) (-5.820) ( - 6 . 001) (-5.787) (-6.142)
b3 0.428 0.436 0.390 0.410 0.402
(5.877) (6.003) <5.554) (5.871) (5.900)
b4 0.322 0.304 0.308 0.316 0.300
(4.339) (4.281) (4.003) (4.281) (4.116)
b5 0.086 0.068 0.072 0.077 0.085
(2.752) ( 3 . 222) (2.936) (2.805) (2.813)
b6 0.101 0.124 0.115 0.103 0.112
(2.914) (3.015) (2.857) (2.912) (3.003)
b7 0.355 0.368 0.349 0.345 0.350
(3.846) (3.976) (4.013) (3.231) (3.574)
b8 -0.007 -0.005 -0.004 -0.007 - 0.010
(-2.762) (-3.024) (-2 .903) (-2 .855) (-2.946)
k -6.993 -7.043 -7.102 -6.674 -6.660
(-3*524) (-3 .648) (-3 .410) (-3.109) (-3.386)
n 56 56 56 56 56
s ’ 0.821 0.830 0.840 0.847 0.836
The fig u res  enclosed in  parentheses are the t-v a lu es  corresponding to  the reg ression  c o e f f ic ' '>n ts .
o v e ra ll  can year te rn .
Summarizing the re la tio n a h lp a  in  each of the  yeare analyzed in  
Table 4 -2 , the  c o e f f ic ie n ts  of the  s iz e  (X^) and u t i l i z a t i o n  (Xj) 
v a r ia b le s  a re  n e g a tiv e , w ith  the  a b so lu te  va lue  of the l a t t e r  always 
exceeding th a t  of th e  form er. Once more, economies o f u t i l i z a t i o n  appear 
to  be o f g re a te r  im portance than economies o f sc a le  in  reducing  the c o s t 
pe r k ilo w a tt-h o u r . M arginal c o s t p r ic in g , long run or sh o r t run , w i l l  
give r i s e  to  lo sse s  fo r  the s in g le  f irm s . The p o s it iv e  c o e f f ic ie n ts  of 
the v a r ia b le s  number of custom ers (3^) and the p r ic e s  o f fu e l (X^) and 
lab o r (X5) Imply th a t  in c re ases  in  these  fa c to rs  a re  a sso c ia te d  w ith  
h ig h er v a lu es  of u n i t  e l e c t r i c  c o s t .  The re la t io n s h ip  between the 
w eighted average age o f th e  firm  (Xg) and the h ea t r a te  (X^) on the one 
hand and the average c o s t o f e l e c t r i c i t y  supply on the o th e r  i s  a ls o  a 
d i r e c t  one in d ic a tin g  th a t  tech n o lo g ica l p rog ress i s  a co s t d im in ish ing  
fo rc e . F in a lly ,  the f a c t  th a t  the c o e f f ic ie n t  o f the  v a r ia b le  re p re ­
se n tin g  the  percentage th a t  coal generated  ou tpu t i s  of to ta l  ou tpu t 
generated  (Xg) is  nega tive  a t t e s t s  to  th e  e ff ic ie n c y  advantages of th is  
f u e l .  Hence, the g re a te r  the  p ro p o rtio n  of i t  in  u se , the  lower i s  
the  k ilo w a tt-h o u r c o s t .
To In v e s tig a te  fu r th e r  th e  p o s s ib i l i ty  of d i f f e r e n t i a l  s h i f t s  
in  the  c o s t fu n c tio n  between y e a rs , dummy v a r ia b le s  were added to  
equation  (3 ) .  Thus, the fo llow ing  log l in e a r  re g re ss io n  r e la t io n s h ip  
was estim ated  on the b a s is  of the combined observations over the ten  
year p e rio d :
(4 ) C -  k + J Z  t>.X. i  -  1, 2 , . . . ,  17
i  1 1
where Xg to  X^7 comprise a s e t  o f dumny v a r ia b le s ;  C, X  ̂ to  Xg a re  the
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same as b e fo re ; and k , a re  the  unknown p aram eters . Xg has a value 
of 1 fo r  1960 o b se rv a tio n s  and 0 fo r  those in  o th e r  y e a rs . Xjq  to  Xj^ 
a re  defined  s im ila r ly  fo r  1961 to  1968 o b se rv a tio n s , respec tive ly .*®  
There Is  no dummy v a r ia b le  fo r  1959 s in ce  i t  Is  taken  as the base y e a r . 
N otice  th a t  the c o e f f ic ie n ts  o f  the  dummy v a r ia b le s  a re  supposed to  
d e p ic t the  in f lu e n c e , i f  any. of y ear to  year f lu c tu a t io n s .
Table 4-3 summarizes the  re g re s s io n . The c o e f f ic ie n ts  of the 
dummy fa c to r s ,  a l l  s ig n i f ic a n t  a t  the  5 per cen t le v e l ,  show th a t  the 
co n stan t term r i s e s  when moving from 1959 to  1968. An upward trend  in  
u n i t  e l e c t r i c  co s t i s  exposed, a tren d  th a t  a p p aren tly  c o n tra d ic ts  the 
fin d in g s  in  Table 4 -2 . W itness however th a t  w hile  the  c o e f f ic ie n t  of 
the  p r ic e  o f lab o r (X^) i s  s ig n i f ic a n t  in  th a t  t a b le ,  i t  i s  now non­
s ig n i f ic a n t .  An exam ination of the data  re v e a ls  th a t  during  the  sample 
p e rio d  wages climbed every  y e a r , from an average r a te  o f $2.24 p e r hour 
in  1959 to  $3.07 per hour in  1968 o r  by 37.1 per c e n t. I t  i s  probable 
th a t  in  Table 4-3 the  dummy v a r ia b le s  a re  sim ply r e f le c t in g  the cost 
in c re a s in g  e f f e c t  on e l e c t r i c i t y  supply  o f  these  h ig h e r wages o r a l t e r ­
n a tiv e ly , th a t  th e re  the  s ig n if ic a n c e  of Xg to  X ^  i s  accounting  fo r  
the  n o n slg n ifican ce  o f X^. F u rth e r , given th a t  the s ig n s and v a lu es of 
the  c o e f f ic ie n ts  o f the  rem aining s ig n i f ic a n t  v a r ia b le s  p lus the  value 
of the  co rre c te d  c o e f f ic ie n t  o f  m u ltip le  d e te rm in a tio n  compare to  the
18R ecall th a t  th e  co n stan t k and th e  c a p i ta l  l e t t e r s  r e f e r  to  the 
logarithm s of v and th e  corresponding  low er-case l e t t e r s .  That i s ,  
k  -  log v , C -  log  c , and^Xf ■ log  x* fo r  a l l  1 so th a t  equation  (4) is  
eq u iv a le n t to  c ■ v IJT x^ *>, i  -  1 , 2 , . . . ,  17. With re sp e c t to  the 
dmmty v a r ia b le s ,  th i s  im plies th a t  xg has a va lue  of 2.71828 fo r  1960 
o b se rv a tio n s  and 1.00000 fo r  those  in  o th e r  y e a rs , x^q to  Xj7 being 
analogously  defined  fo r  1961 to  1968 o b se rv a tio n s ,' r e s p e c t iv e ly .
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TABLE 4 -3
MULTIPLE REGRESSION WITH DUMV VARIABLES, 
WHOLE SAMPLE, POOLED DATA, 1959 TO 1968
Independent V ariab le R egression  C o e ff ic ie n t 
(b i)










^ 0 0.033 1.991
3Cll 0.047 2.544
^ 2 0.059 2.678




^ 6 0.100 3.242
X17 0.111 3.255
k ■ -7 .003 , t - s t a t i s t i c  ■ -5.872 
n ■* 560 
ft2 -  0.828
The symbol ** Im plies no t s ig n i f ic a n t ly  d i f f e r e n t  from zero  a t  th e  5 
p e r cen t le v e l .
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corresponding  ones In  Table 4 -2 , I t  i s  concluded th a t  the  c o s t fu n c tio n
has remained s ta b le  over th e  ten  y ear span , i . e . ,  the upward tendency
d isc lo su re  by the  dummy v a r ia b le s  i s  no t accep ted .
R egression  eq u a tio n  (3) was then  f i t t e d  to  two d i s t in c t  subsample*
taken  according  to  t h e  geograph ica l lo c a tio n  of th e  In d iv id u a l e l e c t r i c  
19u t i l i t i e s .  They w ere:
I .  - E ast North C en tra l (W isconsin, M ichigan, I l l i n o i s ,  In d ian a , and 
Ohio): 15 f irm s .
I I .  -  West South C en tra l (Oklahoma, A rkansas, L o u is ian a , and Texas):
14 firm s.
On the b a s is  of the o v e ra ll  sample s iz e  of 56 f irm s , I  and I I  were the 
only two r e l a t iv e ly  la rg e  re g io n a l subsamples th a t  could be id e n t i f ie d .  
Furtherm ore, in  each th e  u t i l i t i e s  were homogeneous w ith regard  to  the 
type of fu e l employed. Those in  subgroup I  were alm ost e x c lu s iv e ly  coal 
u s e r s ,  i . e . ,  Xg ” 95 p e r  c e n t, w hile  those  in  subgroup I I  were s o le ly  
gas u s e r s ,  i . e . ,  xg ■ 0 per c e n t . Because th ese  f ig u re s  experienced  
ve ry  l i t t l e  change du ring  th e  1959-1968 in te r v a l ,  the v a r ia b le  x g --o r , 
to  be e x a c t, i t s  log  c o u n te rp a rt Xg-- was dropped from th e  re g re s s io n  
fo r  these  subgroups.
The r e s u l t s  a re  given In  Table 4 -4 . Note f i r s t  th a t  th e  c o e f­
f i c i e n t s  o f a l l  the  fa c to r s  in  both subsamples agree w ith  those derived  
from the e n t i r e  sample in  Table 4 -1 , w ith  one excep tion : th a t  o f the
p ric e  of fu e l (2(4) in  subsample I .  T his c o e f f ic ie n t ,  a lthough  p o s i t iv e ,  
i s  now in s ig n if ic a n t  r e f le c t in g  th e  p o s s ib i l i ty  th a t  no s u b s ta n t ia l  
v a r ia t io n s  occurred in  the p r ic e  o f c o a l . A review  o f th e  data  in  e f f e c t




MULTIPLE REGRESSION, GEOGRAPHICAL SUBSAMPLES, 
POOLED DATA, 1959 TO 1968
I .  E ast North C en tra l I I .  West South C en tra l
b l -0.398 -0.413
(-13 .440) (-14 .001)
b2 -0.527 -0 .496
(-12 .282) (-12 .823 )
b3 0.422 0.395
(11.977) (10.326)
b4 0 . 100** 0.316
(0 .307) (7 .009)
b5 0.099 0.070
(3 .124) (3 .225)
b6 0.134 0.108
(3 .285) (3 .006)
b7 0.341 0.322
(3 .026) (2 .944)
H -6.673 -7 .023
(-4 .9 9 9 ) (-4 .7 1 2 )
n 150 140
R2 0.910 0.896
The f ig u re s  enclosed  In  p a ren th eses a re  the  t-v a lu e s  corresponding  to  
th e  re g re s s io n  c o e f f ic ie n ts .
The symbol ** Im plies no t s ig n i f ic a n t ly  d i f f e r e n t  from zero  a t  the  5 
p e r  cen t le v e l .
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dem onstrates th a t  the  c o a l p r ic e  remained a t  about 25 c en ts  p e r  m ill io n  
BTU’s fo r  each o f  the firm s in  subsample I  over th e  1959-1968 term . On 
th e  o th e r  hand, the  s ig n if ic a n c e  and p o s it iv e  s ig n  o f the  c o e f f ic ie n t  
fo r  firm s in  subgroup I I  seems c o n s is te n t  w ith  the f a c t  th a t  the p r ic e  
o f gas rose  approxim ately  from 15 to  20 cen ts per m illio n  BTU's over the 
p e rio d . Second, fo r  each subgroup the  value o f  the a d ju s te d  c o e f f ic ie n t  
o f m u ltip le  d e te rm in a tio n  i s  h ig h e r than  the corresponding  one fo r  the 
whole sam ple. Hence, the  ex p ec ta tio n  d iscussed  in  the  previous s e c tio n , 
i . e . ,  th a t  the more uniform  the firm s w ith  re sp e c t to  geographical 
f a c to r s ,  the g re a te r  i s  th e  exp lan a to ry  power of the re g re s s io n , i s  con­
firm ed .
F in a l ly ,  the  log  l in e a r  r e la t io n s h ip  rep re sen ted  by equation  (3) 
was estim ated  fo r  th ree  w e ll-d e fin e d  subsamples taken  on the b a s is  o f
th e  c ap ac ity  o f the p a r t ic u la r  e l e c t r i c  u t i l i t i e s  during  the 1959-1968
20span. These were:
I .  - Small (c a p a c ity  le s s  than 750,000 k ilo w a tts ) :  15 f irm s .
I I .  -  Medium (ca p ac ity  between 750,000 and 1,500,000 k ilo w a tts ) :  8 firm s.
I I I .  -  Large (c a p a c ity  over 1,500,000 k i lo w a tts ) :  7 firm s.
In  a l l  o f the re g re ss io n s  preced ing  th i s  a n a ly s is  the  c o e f f ic ie n t  o f the 
c ap a c ity  v a r ia b le  (X^) was s ig n i f ic a n t  and n e g a tiv e , which owing to  the  
n a tu re  of the model denoted a con tinuously  d e c lin in g  long run average 
c o s t  cu rve . The purpose h e re , as exp la ined  in  d e ta i l  e a r l i e r ,  was to  
determ ine whether th is  average c o s t  curve tu rned  u p - - l . e . ,  whether 
economies o f  sc a le  d isappeared—as s iz e  expanded v ia  a  comparison o f the
20See Appendix A fo r  the group o f companies con ta ined  in  each 
subsample.
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sc a le  c o e f f ic ie n ts  (h^) among the  th re e  subgroups.
Table 4-5  p re se n ts  th e  f in d in g s . For each subsam ple, aga in  the 
s ig n s and v a lu es  of the  s ig n i f ic a n t  c o e f f ic ie n ts  of the v a rio u s  fa c to r s  
and the f ig u re  fo r  the co rre c te d  c o e f f ic ie n t  of m u ltip le  d e te rm in a tio n  
concur w ith  those of p r io r  ta b le s .  C oncen tra ting  on the nega tive  co ef­
f i c i e n t  of the cap ac ity  v a r ia b le ,  I . e . ,  on bj_, I t  I s  seen to  d im inish  
in  ab so lu te  va lue  when moving from the sm all to  the  la rg e  s iz e  subgroup. 
The Im p lica tio n  Is  th a t  the same percen tage In c rease  in  c ap a c ity  con­
t r ib u te s  to  sm a lle r percen tage red u c tio n s  in  average e l e c t r i c  c o s t  as 
the firm s grow in  s iz e .  S p e c if ic a l ly ,  w hile a 10 per cen t r i s e  in  capa­
c i ty  lead s to  a 4 .83 p e r  cen t drop in  co s t p e r k ilo w a tt-h o u r fo r  the  
sm all u t i l i t i e s ,  the same percen tage in c re a se  in  c a p a c ity  produces 4.39 
and 4 .01 per cen t decreases in  c o s t p e r  k ilo w a tt-h o u r , re s p e c t iv e ly , fo r  
the medium and la rg e  f irm s . Even though th ese  r e s u l t s  show th a t  econ­
omies of sc a le  tend to  become le s s  Im portant as s iz e  expands, i t  can be 
in fe rre d  from th e  neg a tiv e  s ig n  and s ig n i f ic a n t ly  d i f f e r e n t  from zero  
value  o f the c o e f f ic ie n t  of the c a p a c ity  v a r ia b le  fo r  the  la rg e  u t i l i t i e s  




MULTIPLE REGRESSION, SIZE SUBSAMPLES, 
POOLED DATA, 1959 TO 1968
I .  Small 
( l e s s  than 
750.000 kws)
11. Medium 
(between 750,000 and 
1.500.000 kwsl
H I .  Large 
(over 1,500,000 kws)
b l -0.483 -0.439 -0.401(-14 .212) (-15 .296) (-14 .836)
b2 -0 .556 -0.538 -0.517
(-13 .972) (-14 .003) (-13 .014)
b3 0.408 0.397 0.388(11.400) (12.887) (12.777)
bA 0.311 0.319 0.327(8 .108) (9.935) (9 .103)
b 5 0.098 0.071 0.070(3.115) (3 .276) (3 .832)
b6 0.135 0.114 0.108
(3 .982) (4 .001) (4 .054)
b 7 0.372 0.351 0.344/ (4 .821) (3 .942) (4 .078)
ba -0 .004 -0.006 - 0.010© (-3 .0 0 1 ) (-2 .902 ) (-3 .126 )
k -6.871 -7.003 -7 .014
(-5 .4 9 2 ) . (-4 .5 2 1 ) (-5 .2 5 4 )
n 150 80 70
R2 0.844 0.827 0.850
The f ig u re s  enclosed  in  p a ren th eses a re  the t -v a lu e s  corresponding to  
the  re g re ss io n  c o e f f ic ie n ts .
CHAPTER V
A PRICE AND COST COMPARISON OF EIZCTRICIT5T
P ric in g  systems fo r  e l e c t r i c i t y  th a t  a re  more conducive to  
a s o c ia l ly  e f f i c i e n t  a l lo c a t io n  of reso u rces  a re  no t only d e s ira b le  but 
a ls o  f e a s ib le .  The f i r s t  o b je c tiv e  of th i s  chap ter i s  to  argue th a t ,  
in  s p i te  o f th i s  f a c t ,  p r ic in g  systems c u rre n tly  employed by American 
u t i l i t i e s  do no t adequate ly  r e f l e c t  m arginal co st and hence lead  to  a
poor u t i l i z a t i o n  of th e  economy's re so u rc e s . A b r ie f  exam ination of the
e x is t in g  types o f r a te s  in  r e la t io n  to  a cost-depending  r a te  schedule 
suggested by the th e o re t ic a l  d isc u ss io n s  in  p rev ious ch ap te rs  provides 
s u f f ic ie n t  support fo r  th is  a s s e r t io n .  In  a d d it io n , an a ttem pt i s  made 
here  to  determ ine i f  th e  d i f f e r e n t  r a te s  charged to  the se v e ra l c la sse s  
o f custom ers a re  p ro p e rly  j u s t i f i e d  by v a r ia t io n s  in  c o s t;  i f  they are  
n o t , i t  can be concluded th a t  d isc r im in a tio n  of the  th ird  degree is  
in h e re n t in  the  p r ic in g  p o l ic ie s  of U .S. e le c t r i c  u t i l i t i e s . *  The t e s t  
needed fo r  t h i s  purpose involves a comparison re q u ir in g  company p ric e  
d a ta , ob tained  from F edera l Power Commission so u rces , and c o s t e s tim ates
a r i s in g  from the fu n c tio n a l model derived  in  Chapter IV. This t e s t  i s
im portant because th ird  degree d isc r im in a tio n , u n less  i t  i s  shown to  
be combined w ith  a p e c u lia r  form of second degree o r b lock p r l c i n g - - l . e . ,
*This k ind  o f d isc r im in a tio n , as evidenced In the h earings of 
re g u la to ry  commissions, i s  the  one th a t  has rece ived  the  most a t te n t io n  
from the genera l p u b lic .
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where th e  charge in  the  l a s t  b lock  la  equal to  m arginal coat and where 
th e  rem aining b locks a re  such th a t  anybody w il l in g  to  purchase ad d i­
t io n a l  power in  th a t  l a s t  b lock  can do so--prom otes n e ith e r  the  most 
e f f i c i e n t  use o f e x is t in g  c ap a c ity  nor optimum investm ent d e c is io n s .
E x is tin g  v s . C o st-R e flec tin g  Rate Schedules 
P r iv a te ly  owned e le c t r i c  u t i l i t i e s  in  the  U nited S ta te s  c u r re n t­
ly  employ d i f f e r e n t  types of r a te  sch ed u les . The block m eter type is  
the most commonly used fo r  r e s id e n t ia l  and sm all s iz e  commercial cus­
tom ers. Under th is  r a te  schedule the  consumer i s  o ffe re d  d ec lin in g  
p r ic e s  p e r k ilo w a tt-h o u r fo r  successive  blocks of energy taken . This 
is  designed to  d e p ic t the  f a c t  th a t  the  u n i t  c o s t of e l e c t r i c i t y  f a l l s  
as  ou tpu t in c re a s e s . On the o th e r hand, the  tw o-part Hopkinson demand 
r a te  schedule i s  norm ally ap p lied  to  medium and la rg e  commercial and 
in d u s t r ia l  custom ers. Under th is  type of r a te  the  consumer i s  o ffe red  
d ecreasin g  p r ic e s  per k ilo w a tt  and per k ilo w a tt-h o u r  fo r  successive  
b locks o f demand and energy tak en , re s p e c t iv e ly . The Hopkinson r a te  i s  
in tended  to  b e n e f i t  th e  custom er n o t only fo r  a g re a te r  use bu t a ls o  fo r  
a h igher load f a c to r ,  i . e . ,  "as the  customer in c re a se s  h is  use w ithou t 
any in c rease  in  maximum demand, o r w ith a le s s  than p ro p o rtio n a te  
in c rease  in  maximum demand, h is  load fa c to r  w i l l  in c rease  and h is  av er-
9
age r a te  w i l l  d e c re a se ."  B esides th e  d i f f e r e n t  k inds o f r a te  schedu les, 
i t  should be noted th a t  the s p e c if ic  b lock  s iz e s  and b lock  r a te s
2
Paul J .  G a rfie ld  and W allace F. Lovejoy, P ub lic  U t i l i t y  Economics 
(Englewood C l i f f s ,  N .J .:  P re n tic e -H a ll ,  I n c . ,  1964), p . 157. R eca ll
from C hapter I I I  th a t  the customer load f a c to r  i s  defined  as h is  average 
load expressed  as a percen tage  of h is  peak load  during  a sp e c if ie d  time 
in te r v a l .
114
e s ta b l is h e d  by the e l e c t r i c  u t i l i t i e s  v a ry  fo r  each c la s s  o f customers*
In  c o n tr a s t ,  the  trea tm en t o f th e  theo ry  of c o s t and p r ic in g  
In  Chapter I I  and the f i r s t  s e c tio n  of Chapter I I I  in d ic a te s  th a t  an 
e l e c t r i c i t y  r a te  schedule r e f le c t in g  m arginal c o s t should c o n s is t  o f 
a monthly fix ed  charge d i f f e r e n t ia te d  by consumer and a charge per 
k ilo w a tt-h o u r  v a r ia b le  accord ing  to  the time of u se .^  The monthly amount 
should cover the  c o s t of adding the  s p e c if ic  customer to  the u t i l i t y  
system , I . e . ,  connection  f a c i l i t i e s ,  m etering  equipm ent, m eter read in g , 
b i l l i n g ,  c o lle c t in g  and accoun ting . Because te c h n ic a lly  t h i s  would 
re q u ire  up to  as many r a te s  as th e re  a re  custom ers, In  p ra c t ic e  the 
monthly charge could v a ry  by customer c la s s  ( r e s id e n t ia l ,  commercial, 
and In d u s t r ia l )  s in ce  the  c o s t d if fe re n c e s  among customers w ith in  the  
same c la s s  -are l ik e ly  to  be m inor. The k ilo w a tt-h o u r charge during
3
For a d e ta i le d  em p irica l study  proposing a r a te  schedule o f th i s  
type fo r  a p a r t i c u la r  U .S. p r iv a te ly  owned e le c t r i c  u t i l i t y  see  De 
S a lv ia , "An A p p lica tio n  of Peak-Load P r ic in g ,"  pp. 458-476. Also see 
W illiam  6 . Shepherd, "M arginal-C ost P r ic in g  In  American U t i l i t i e s , "  
Southern  Economic Jo u rn a l ( J u ly , 1966), pp . 58-70; and James R. Nelson, 
" P ra c t ic a l  Problems of M arginal-C ost P r ic in g  in  P ub lic  E n te rp r is e : The
U nited S ta te s ,"  In  Almarin P h i l l ip s  and O liv e r E. W illiam son, e d s .,  
P r ic e s : Issu es  in  Theory. P r a c t ic e , and P u b lic  P o licy  (P h ilad e lp h ia :
U n iv e rs ity  o f Pennsylvania P re ss , 1967), pp. 135-140. Rate schedules 
s tru c tu re d  a long  m arginal c o s t  p r ic in g  l in e s  a re  being used by e le c t r i c  
u t i l i t i e s  in  some European n a tio n s . The "Green T a r if f "  o f the  E lec ­
t r i c  l t d  de France and th e  more re c e n t "Bulk-Supply T a r i f f "  o f the 
B r i t i s h  C en tra l E le c t r i c i ty  G enerating  Board a re  n o tab le  exam ples. In  
th i s  re s p e c t  co n su lt Marcel B olteux , "The Green T a r i f f  o f th e  E le c t r l -  
c i td  de F ran ce ,"  Land Economics (May, 1964), pp. 185-197; E l i  W.
Clemens, "M arginal Coat P r ic in g :  A Comparison o f French and American 
In d u s t r ia l  Power R a te s ,"  Land Economics (November, 1964), pp. 389-404; 
Ralph Turvey, " P ra c t ic a l  Problems o f M arginal-C ost P r ic in g  In  P ublic  
E n te rp r is e :  E ngland," in  P h i l l ip s  and W illiam son, e d s . ,  P r ic e s .
pp. 124-134; and Ronald L. Meek, "The New Bulk-Supply T a r i f f  fo r  
E l e c t r i c i t y . "  Economic Jo u rn a l (March, 1968), pp. 43-66.
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o ff-p ea k  p e rio d s  should  be s e t  equal to  the  m arginal energy co st (main­
ly  fu e l and lab o r expenses) w hile  during  peak p e rio d s i t  should Include 
t h i s  coat p lu s  the  m arg inal c ap a c ity  c o s t (m ainly investm ent expenses 
r e la te d  to  e x tra  g e n era tin g  equipm ent, tran sm iss io n  l in e s ,  and sub­
s ta t io n s )
A comparison between th is  suggested  r a te  schedule and the r a te  
schedules c u rre n t ly  employed by U.S. e l e c t r i c  u t i l i t i e s  c le a r ly  shows 
th a t  the  l a t t e r  do n o t s u i ta b ly  m irro r c o s ts  and th a t  th e i r  a p p lic a tio n  
leads to  a p robably  se rio u s  m is a llo c a tio n  of re so u rc e s . In  g e n e ra l, 
the  r a te s  charged by th ese  companies to  the  se v e ra l c la s s e s  o f custom ers 
do no t vary  w ith  the  time o f use and hence do n o t r e f l e c t  d iffe re n c e s  
in  resou rce  c o s ts  between peak and o ff-p eak  p e rio d s . Peak period  con­
sumers, who a re  e n t i r e ly  re sp o n s ib le  fo r  c ap a c ity  c o s ts ,  pay ex ac tly  
the same p r ic e  as o ff-p eak  p e rio d  consum ers. By encouraging high peak 
consum ption, t h i s  uniform  p r ic e —based on an im p lic i t  averaging  of to ta l  
c o s ts —c o n tr ib u te s  to  investm ent in  c a p a c i t ie s  which a re  n o t e f f i c ie n t ly  
u t i l i z e d  in  o th e r  p e rio d s  and thus to  an o v e rp llo c a tlo n  of reso u rces to  
e l e c t r i c i t y  supp ly . Charging h ig h e r peak p r ic e s ,  in  accordance w ith 
c o s t ,  would a c t  so as to  f l a t t e n  and widen the  peak. C apacity  re q u ire ­
ments would be reduced and th e re fo re  re so u rce s  would be freed  fo r  o th e r 
a c t i v i t i e s  whose u se rs  were p repared  to  pay the r e a l  c o s t of supply . 
Lower o ff-p eak  r a t e s ,  a ls o  r e f le c t in g  c o s t ,  would s tim u la te  o ff-peak  
consumption thereby  p e rm ittin g  a more e f f e c t iv e  u t i l i z a t i o n  of e x is tin g
4
The same r e s u l t  could be achieved through the a p p lic a tio n  of 
b lock  r a te  sch ed u le s , w ith  p r ic e  in  the l a s t  block v a r ia b le  according 
to  the  time of use (peak and o f f -p e a k ) .
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re s o u rc e s .^  In  b r i e f ,  even a p a r t i a l  adop tion  of peak load p r ic in g  
ru le s  would produce an improvement In  th e  a l lo c a t io n  of resou rces towards 
the e l e c t r i c  power In d u stry  and consequently  would b e n e f i t  the economy 
as a whole.
L ikew ise, I t  I s  a lle g e d  th a t  the d i f f e r e n t  r a te s  ap p lied  by the 
electxX c u t i l i t i e s  to  the se v e ra l c la s s e s  o f custom ers do no t rep re se n t 
p ro p erly  th e  d isc re p a n c ie s  In  the  c o s t o f th e i r  s e rv ic e . Although 
v a r ia t io n s  In c o s t a re  taken  in to  account in  s e t t in g  the r a t e s ,  demand 
o r  va lue  o f s e rv ic e  c o n s id e ra tio n s  a re  sa id  to  p lay  a ls o  an Im portant 
role.** I t  i s  the nex t o b je c tiv e  of th is  ch ap ter to  In v e s tig a te  th is  
so -c a lle d  th i r d  degree d isc r im in a to ry  a sp ec t o f e l e c t r i c  u t i l i t y  p r ic in g , 
th a t  i s ,  the  e x te n t, I f  any, to  which th e  d i s t in c t  r a te s  charged to  the 
v a rio u s  c la s s e s  of custom ers a re  based on d iffe re n c e s  In  demand and not 
on d iffe re n c e s  in  c o s t .
P rice-M arg ina1 Cost R e la tio n sh ip s  
U t i l i t i e s  p o in t out th a t  the  apportionm ent of e l e c t r i c i t y  among 
customer c la s s e s  a f f e c t s  th e  c o s t o f s e rv ic e .  S ig n if ic a n t  c o s t d i f f e r e n ­
t i a l s  e x is t  In th e  supply  of e l e c t r i c i t y  to  r e s id e n t ia l ,  conm erclal, and 
in d u s t r ia l  custom ers, ju s t i f y in g  the  charging  o f d i f f e r e n t  r a te s  to  each 
o f these  groups. S p e c if ic a l ly ,  the  c o s t o f se rv ic e  r i s e s  when moving
’’o f  co u rse , th ese  conclusions assume th a t  demand fo r  e l e c t r i c i t y  
i s  p r ic e  e l a s t i c .  For some evidence in  th is  re s p e c t c o n su lt F ran k lin  
M. F is h e r , A Study In  E conom etrics; The Demand fo r  E le c t r i c i ty  in  the 
U nited  S ta te s  (Amsterdam: N orth-H olland P u b lish in g  Company, 1962).
6For example, see C harles F. P h i l l ip s ,  J r . ,  The Economics o f 




from In d u s t r ia l  to  commercial to  r e s id e n t ia l  consumers, thereby  sup p o rt­
ing the  use o f lcw er I n d u s t r ia l  r a t e s ,  followed, by In c re as in g ly  h igher 
commercial and r e s id e n t ia l  r a t e s .
As s ta te d  In  C hapter I I ,  p r ic e  d isc r im in a tio n  tak es p lace  when 
th e  p r ic e s  th e  s e l l e r  charges fo r  th e  v a rio u s  u n i ts  o f h is  product o r 
p roducts a re  no t p ro p o rtio n a l to  the  c o s ts  o f p rov id ing  the u n its  so ld .^  
This d isc r im in a tio n  i s  o f the  th ir d  degree when the d isp ro p o rtio n s  be­
tween p r ic e s  and c o s ts  a r i s e  in  se v e ra l m arkets which the  s e l l e r  i s  
ab le  to  d is t in g u is h ,  m arkets th a t  no t only  must be k ep t sep a ra te  but 
a ls o  must d i f f e r  in  e l a s t i c i t y  of demand. N oting th a t  from an economic 
e f f ic ie n c y  v iew poin t the  re le v a n t  c o s t  concept I s  m arginal cost** and 
th a t  w ith  reg a rd  to  e l e c t r i c i t y  supply  th e re  a re  th re e  main m arkets,
i . e . ,  r e s id e n t i a l ,  comm ercial, and I n d u s t r i a l ,  a more e x p l i c i t  d e f in i t io n  
of th is  type of d isc r im in a tio n  fo r  the  e l e c t r i c  power in d u s try  r e s u l t s :  
p r ic e  d isc r im in a tio n  of th e  th ir d  degree occurs when e l e c t r i c i t y  Is  so ld
7
This i s  th e  d e f in i t io n  advanced by Davidson in  h is  p ioneer work 
on the  su b je c t and accep ted , among o th e r s ,  by S te in e r  and P h i l l ip s .  
C onsult Davidson, P ric e  D iflgrim tnation- p . 23; S te in e r ,  "Peak Loads 
and E f f ic ie n t  P r ic in g ,"  p . 586; and P h i l l ip s ,  The Economics of Regula­
t io n . p . 307. An a l te r n a t iv e  d e f in i t io n  of d isc r im in a tio n , used fo r 
in s tan c e  by H ir s h le i f e r ,  r e f e r s  to  th e  d if fe re n c e s  between p r ic e s  and 
c o s ts —as opposed to  th e  p ro p o rtio n s  o f p r ic e s  to  c o s ts .  See H ir s h le if e r ,  
"Peak Loads and E f f ic ie n t  P r ic in g :  Comment," p . 458. Because i t  i s  
more common in  in d u s try  p ra c t ic e  to  ta lk  about r e l a t iv e  changes or p e r-  
cen tag es—n o tic e  w ith  re s p e c t to  e l e c t r i c  u t i l i t i e s  the  emphasis on 
r a te  o f r e tu r n  c a lc u la t io n s  in  the  h earin g s of re g u la to ry  commissions— 
and s in c e  I t  i s  more m eaningful to  say th a t  th e  p r ic e  i s  for.exam ple 
equal to  2 o r  3 tim es th e  c o s t r a th e r  th an  th e  d if fe re n c e  between the 
two i s  2 cen ts  or 3 d o l la r s ,  th e  f i r s t  d e f in i t io n  i s  th e  one adopted in  
th i s  s tu d y .
®This i s  the  k ind  o f c o s t employed by a l l  of th e  au thors in  the  
two d e f in i t io n s  o f d isc r im in a tio n  mentioned in  the  preced ing  fo o tn o te .
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to  r e s id e n t i a l ,  comm ercial, and in d u s t r ia l  custom ers a t  p r ic e s  such th a t
where P denotes p r ic e ,  MC denotes m arginal c o s t ,  and the su b sc r ip ts  r ,  
c , 1 r e f e r  to  r e s id e n t i a l ,  c o m e rc ia l ,  and in d u s t r ia l  custom ers, 
r e s p e c t iv e ly .
Given t h i s  d e f in i t io n ,  the t e s t  sought in  th is  s e c tio n  fo r  th i r d  
degree d isc r im in a tio n  in  the  s a le  of e l e c t r i c i t y  req u ire d  the  e s tim a tio n  
o f p r ic e  and m arginal c o s t fo r  the th re e  d i f f e r e n t  c a te g o rie s  o f con­
sumers so as to  v e r i f y  w hether the in e q u a l i t ie s  h e ld . The same sample 
o f th e  p rev ious c h a p te r , i . e . ,  56 p r iv a te ly  owned e le c t r i c  u t i l i t i e s  
analyzed over th e  ten  y ear p e riod  ex tending  from 1959 to  1968, was 
u t i l i z e d  as th e  source o f  d a ta  fo r  t h i s  purpose . Although p r ic e  in fo r ­
m ation on a custom er c la s s  b a s is  could be e a s i ly  g a th e red , the same 
was n o t the  case fo r  m arginal c o s t .
The d i s t r ib u t io n  of c o s ts  among the th re e  consumer c l a s s i f i c a ­
t io n s  c o n s t i tu te s  a form idable ta s k . For example, i t  is  exceedingly  
d i f f i c u l t  to  determ ine what p o r t io n  o f such th in g s  as overhead and under­
ground l in e s ,  and g en era l m aintenance, su p e rv is io n , and eng ineering  
expenses i s  a t t r ib u ta b le  to  r e s id e n t i a l ,  com m ercial, and in d u s t r ia l  
custom ers, r e s p e c t iv e ly .  In  the  absence o f d e ta ile d  s tu d ie s  cm how 
c o s ts  v a ry  w ith  th e  k ind  o f consumer, I t  has been sa id  th a t  a l l  o f th ese  
a llo c a t io n s  a re  judgm ental. 7 Under the  com plexity  of t h i s  problem, to  
avoid  making an a r b i t r a r y  assignm ent th a t  would lead  to  the  v a lu es of 
the  th re e  needed m arg inal c o s t s - - ! . e . ,  r e s id e n t ia l  (MCr ) ,  co m er c ia l
9De S a lv ia , "An A p p lica tio n  o f Peak-Load P r ic in g ,"  p . 472
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(MCc) ,  and in d u s t r ia l  (HC*)—th e  ensuing a ta t i s t ic a X  method wee empXoyed.
Three subaampXes of 40 o b se rv a tio n s each were seXected from the 
overaXX pooXed sampXe of 560 o b se rv a tio n s .^ 8 The d is t in g u is h in g  charac­
t e r i s t i c  was the  d e s t in a tio n  of ou tpu t s a le s .  O bservations In  sub- 
samples I ,  I I ,  and I I I  belonged to  firm s s e l l in g  the g re a te s t  p ro p o rtio n  
o f  th e i r  ou tpu t to  r e s id e n t ia l ,  commercial, and in d u s t r ia l  custom ers, 
r e s p e c t iv e ly . On th e  average th e  p ro p o rtio n s were 45 p e r cen t fo r  
r e s id e n t ia l  in  subsample I ,  41 per cen t fo r  commercial in  subsample I I ,
and 56 per cen t fo r  in d u s t r ia l  in  subsample I I I .  Whereas id e a lly
h ig h e r p ro p o rtio n s would have been more s u i ta b le ,  e .g . ,  60 or 90 per 
c e n t , they could no t be found. N otw ithstand ing , i t  was assumed th a t  i f  
a m arginal c o s t MC was ob tained  from subsample I ,  t h i s  c o s t would be 
n e a re r  the  r e s id e n t ia l  m arginal c o s t than  any th ing  e ls e ,  i . e . ,  * MCT,.
S im ila r reason ing  led  to  the  presum ptions th a t  m arginal c o s ts  fo r  
subsamples I I  and I I I  more c lo s e ly  approxim ated commercial and indus­
t r i a l  m arginal c o s ts ,  r e s p e c t iv e ly , i . e . ,  MCjj * MCc and M Cm  * MC .̂
The th re e  types of m arginal co s t were th en  derived  from th ese
subsamples v ia  a fo u r  s te p  p rocedure. F i r s t ,  th e  u n i t  c o s t fu n c tio n
8 8 of Chapter IV, c * Xj 1 o r , a l t e r n a t iv e ly ,  C -  k  where
C "  log  c , k -  log  v ,  and ■ log  x^ , was f i t t e d  to  each subsam ple.
The r e s u l t s ,  com patible w ith  the  ones in  th a t  c h a p te r , a re  d isp layed  in
Table 5 -1 . Second, both s id e s  o f the  average c o s t (c ) eq u atio n  fo r
each subsample were m u ltip lie d  by ou tpu t ( q ) - - r e c a l l  t h a t  the  u t i l i z a t i o n
fa c to r  (X2) was d efined  as ou tpu t (q ) d iv ided  by the  product o f a
^A ppendix A in c lu d es th e  firm  and y eer corresponding  to  each of 
th e  observ a tio n s in  these  aubsemplee.
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TABLE 5-1
MULTIPLE REGRESSION, CUSTOMER CLASS SUBSAMPLES, 
POOLED DATA, 1959 TO 1968
I .  R e s id e n tia l 11. Commercial I I I*  I n d u s t r ia l
b l -0 .398 -0 .416 -0 .440
(-10 .842) (-10 .217) (-11 .983)
b2 -0 .566 -0.502 -0 .478
(-9 .774) (-8 .367 ) (-11 .997)
b3 0.438 0.406 0.388
(9.507) (7 .920) (8 .944)
b4 ' 0.293 0.303 0.327
( 8 . 121) (7 .259) (8 .924)
b5 0.100 0.086 0.071
(4 .008) (4 .999) (5.840)
b 6 0.126 0.112 0.101
(4 .480) (3 .631) (5 .056)
b7 0.369 0.349 0.337
(4.425) (4 .566) (5 .727)
b8 -0 .004 -0 .009 -0.013
(-3 .1 4 2 ) (-3 .4 5 8 ) (-3 .6 2 1 )
k -6.661 -6 .900 -7.107
(-4 .102 ) (-3 .9 4 8 ) (-5 .0 0 3 )
n 40 40 40
R2 0.862 0.853 0.859
The f ig u re s  enclosed  In  p a ren th eses a re  th e  t-v a lu e s  corresponding to  
the  re g re s s io n  c o e f f ic ie n t s .
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c o n stan t (8760) tim es c a p a c ity  ( x j ) , 11 I . e . ,  x2 ■ q /(8760X ]); hence, 
q -  8760x1x2- - i n  o rd er to  a r r iv e  a t  t o t a l  co a t ( t ) .  T h ird , ta k in g  the 
p a r t i a l  d e r iv a tiv e  o f t o t a l  c o a t w ith  re s p e c t  to  o u tp u t, w hile  keeping 
a l l  v a r ia b le s  except th e  u t i l i z a t i o n  fa c to r  aa c o n s ta n ts , produced the 
m arginal c o s t (MC) fu n c tio n  fo r  each subsam ple. S p e c if ic a l ly ,  in  each 
case
8
t  -  qc -  (8760xjX2) (v£ I x i b i )
th u s ,
which can be r e a d i ly  shown to  y ie ld
MC -  (1 + b2)c
F in a lly ,  by a ss ig n in g  va lues to  the  v a r ia b le s  in  these  MC eq u a tio n s , 
in d iv id u a l e s tim a te s  in  the  th re e  subsamples ( I  o r r e s i d e n t i a l ,  I I  o r 
commercial, and I I I  o r in d u s t r ia l )  o f the  m arg inal o r e x tra  c o s t o f a 
k ilo w a tt-h o u r o f e l e c t r i c i t y ,  in  m i l l s ,  were o b ta in ed .
Having secured the m arginal c o a ts  n ecessa ry  to  check fo r  th i r d  
degree d is c r im in a tio n , a t t e n t io n  was tu rned  to  the  req u ire d  p r ic e s .
For th e  subsample f irm s , r a t e  d a ta  showing the  average charge per k i l o ­
w a tt-h o u r fo r  d i f f e r e n t  q u a n t i t ie s  o f e l e c t r i c i t y  consumed was a v a ila b le  
from a re p o r t e n t i t l e d  T yp ical E le c t r ic  B i l l s ,  pub lished  an n u ally  by 
the  F edera l Power Commission. Given the  e l e c t r i c i t y  o u tp u ts  in  each 
subsam ple, th e  ap p ro p ria te  p r ic e s ,  in  m il ls  per k ilo w a tt-h o u r , were 
s e le c te d . Following th e  reason ing  above, th e  p r ic e s  in  subsamples I ,
I I ,  and I I I  (Pj ,Pj j , and Pj j j ) were th e  r e s id e n t i a l ,  consnerclal, and 
in d u s t r ia l  p r ic e s  (Fr ,P c , and P j ) ,  r e s p e c t iv e ly .
**See C hapter IV, pp. 88-89.
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The v a rio u s  p ro p o rtio n s  of p r ic e  to  m arginal c o s t In  th e  th ree  
subssntples were com pu ted .^  The r e s u l t in g  mean f ig u re s  were:
1-E- -  2.77
T ests  performed a t  the  5 per c en t le v e l  rev ea led  th a t  these  r a t io s
In  conform ity w ith  the  d e f in i t io n  advanced e a r l i e r  in  th i s  s e c tio n , to  
th e  th e s is  th a t  the  p r ic in g  p o l ic ie s  o f e le c t r i c  u t i l i t i e s  involve 
th i r d  degree d is c r im in a tio n . The f ig u re s  in d ic a te d , fo r  example, th a t  
ap p a ren tly  w hile  in  the r e s id e n t ia l  m arket the p r ic e  i s  177 per cen t 
h ig h e r than  the m arginal c o s t ,  in  the  commercial and in d u s t r ia l  m arkets 
th e  p r ic e s  a re  only  155 per cen t and 113 per c en t g re a te r ,  r e s p e c tiv e ly , 
th an  th e  corresponding m arginal c o s ts .
w eighted average based upon a re p re s e n ta tiv e  b lock  r a te  schedu le .
Given a descending sc a le  o f r a te s  fo r  increm ental b locks o f se rv ice  
tak en , t h i s  w eighted average exceeds th e  a c tu a l charge paid  in  the  l a s t  
b lo ck . Because i t  has been s ta te d  th a t  the  goal o f an optimum a l lo c a ­
t io n  o f reso u rces could be achieved through b lock  p r ic in g , provided 
th a t  the  p r ic e  in  th e  l a s t  b lock  equals m arginal c o s t ,  and s ince  i t  is  
l ik e ly  th a t  the  p r ic e  in  th e  l a s t  b lock  r e f l e c t s  m arginal c o s t more 
a c c u ra te ly , i t  was decided to  check fo r  th ird  degree d isc r im in a tio n  
using  th a t  p a r t i c u la r  p r ic e .
15These p ro p o rtio n s  a re  p resen ted  in  Appendix B.
13were s ig n i f ic a n t ly  d i f f e r e n t  from each o ther thus lend ing  su p p o rt,
In  the  p reced ing  a n a ly s is  the  k ind  of p r ic e  employed was a
13The t-v a lu e s  ob ta ined  in  the  t e s t  comparisons of P-/MC. v s .  
Pc /MC_, P-rAK'r v s * Pi/MCi» and P c ^ c  v s * *1 ^ 1  w®re  3 .982 , 12.738, 
and 1q.07z, re s p e c t iv e ly .
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For each subsample o b se rv a tio n , th e  p r ic e  P^ belonging to  the
l a s t  energy b lock  of a ty p ic a l  r a te  schedule a p p lied  by the  firm  was 
ob tained  from the N ationa l E le c t r ic  Rate Book, a y e a r ly  p u b lic a tio n  
by s ta te  issued  by the F edera l Power Com nisslon. The p ro p o rtio n s o f 
these  p r ic e s  to  the  p rev io u s ly  de riv ed  m arginal co a ts  fo r  th e  th re e
again  showed th a t  th i rd  degree d isc r im in a tio n  occurs in  the  e le c t r i c  
power in d u s try . The r a t i o  was once more h ig h e s t fo r  the  r e s id e n t ia l  
m arket and low est fo r  the  in d u s t r ia l  m arket, w ith  th e  f ig u re  fo r  the 
commercial m arket somewhere in  between.
Summarizing, the  r e s u l t s  o f  th i s  s e c tio n  appear to  dem onstrate 
th a t  th e  d i s t i n c t  r a te s  charged by th e  e l e c t r i c  u t i l i t i e s  to  the se v e ra l 
c la sse s  o f custom ers do n o t re p re se n t p ro p o r tio n a lly  th e  v a r ia t io n s  in  
the  c o s t o f th e  se rv ic e  to  those custom ers. The v a lu e s  of the  p r ic e  
to  m arginal c o s t r a t i o s —e i th e r  ty p e , P/MC o r  pl/MC—fo r  th e  th re e  con­
sumer c la s s i f i c a t io n s  seem to  imply th a t  the  l e a s t  amount o f d isc rim in a ­
t io n ,  d isc r im in a tio n  In  th e  sense of p ro p o r tio n a l d isc repancy  of p r ic e  
to  c o s t ,  tak es p lace  in  th e  in d u s t r ia l  s e c to r ,  follow ed in  in c re a s in g  
o rder by the conm ercial and r e s id e n t ia l  s e c to r s .  A lo g ic a l  ex p lan a tio n  
i s  th a t  in d u s t r ia l  demand i s  more e l a s t i c  than  commercial and r e s id e n t ia l
14Appendix B e x h ib i ts  th ese  p ro p o rtio n s .
subsamples were then  c a lc u la te d 14 The mean v a lu e s ,
S L  .  1.05
MC^
being  s ig n i f ic a n t ly  d i f f e r e n t  from each o th e r  a t  the 5 per cen t le v e l , 15
The t - a t a t l a t i c s  corresponding  to  the  t e a t  comparisons of P^ /MC 
v s .  Pj/MCc , Pf/MCr  v s .  P^/MC^, and P^/MCc v s . P^/MC^ were 7 .743, 23*346* 
and 15.547, re s p e c t iv e ly .
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demands, as evidenced by the f a c t  th a t  lndua t r i a l  customer a may find  I t  
p o ss ib le  n o t only to  u t i l i z e  s u b s t i tu te  sources of energy bu t to  gener­
a te  t h e i r  own e l e c t r i c i t y .  I t  can be f in a l ly  concluded th a t  th ird  
degree o r c la s s  d isc r im in a tio n , as c u rre n tly  p ra c tic e d  by U.S. u t i l i ­
t i e s ,  may be a fa c to r  c o n tr ib u tin g  to  th e  le s s  e f f i c ie n t  employment 
o f reso u rces  in  the e l e c t r i c i t y  segment of th e  economy.
CHAPTER VI
SUMMARY AND CONCLUSIONS
I t  w i l l  be r e c a l le d  from Chapter I  th a t  th la  work had the two­
fo ld  o b je c tiv e  o f: (a )  e s tim a tin g  em p iric a lly  a c o s t fu n c tio n  fo r
e l e c t r i c i t y  supply so as to  note i t s  im p lica tio n s  in  the a reas of econ­
omies of s c a le ,  economies o f u t i l i z a t i o n ,  m arginal co s t p r ic in g , and 
p r ic e  d isc r im in a tio n ; and (b) in tro d u c in g  the re le v a n t economic p r in c ip le s  
of c o s t and p r ic in g  in  the  e l e c t r i c  power In d u s try . This chap ter sum­
m arizes the r e s u l t s  and l i s t s  the  conclusions o f the in v e s tig a t io n .
The s t r u c tu r a l  c h a r a c te r i s t i c s  of the e l e c t r i c  power In d u stry  
along w ith  the g e n e ra tio n , tran sm iss io n , and d i s t r ib u t io n  a sp ec ts  of 
e l e c t r i c i t y  p ro v is io n  were d escribed  in  Chapter I .  J u s t i f i c a t io n  fo r  
the use o f the s t a t i s t i c a l  ra th e r  than the a n a ly t ic a l  method to  the  study  
of c o s t fu n c tio n s  was a ls o  g iven  th e re . The re le v a n t economic theory  
was exp la ined  in  C hapter I I .  B esides the  p r a c t ic a l  and a e s th e tic  reaso n s , 
two com pelling economic arguments a g a in s t the m aintenance of com petition  
in  the e l e c t r i c  power In d u s try  were mentioned: d e c lin in g  long run and
sh o rt run average c o s ts  fo r  the in d iv id u a l u t i l i t i e s .  Economies of sc a le  
were sa id  to  cause the form er w hile  heavy fix ed  c o s ts  were resp o n sib le  
fo r  the  l a t t e r .
Chapter I I  continued  by p o in tin g  out th a t  p r ic e  d is c r im in a tio n , 
in  comparison to  uniform  o r  sim ple monopoly p r ic in g , can be c le a r ly  
b e n e f ic ia l  i f  i t  y ie ld s  a la rg e r  ou tpu t and the same o r lower p r ic e s  to
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some or a l l  custom ers, w ith  h ig h e r p ric e a  to  none. A fte r d ism issing  
f i r s t  degree d isc r im in a tio n  because of I t s  im p o ss ib ili ty  in  a c tu a l p rac ­
t i c e ,  i t  was noted th a t  the presumably common com bination of second 
degree (b lock) and th ird  degree ( c la s s )  d isc r im in a tio n , i f  u n c o n tro lle d , 
i s  l ik e ly  to  r e s u l t  in  an In crease  in  ou tpu t but a lso  in  h igher p r ic e s  
and p r o f i t s .  The s e c tio n  on re g u la tio n  in d ic a te d  th a t  i f  the  u ltim a te  
o b je c tiv e  of the commission i s  to  perm it only a f a i r  or normal re tu rn  
w ith  a la rg e r  o u tp u t, average coat p r ic in g  should be en fo rced . But i f  
the o b je c tiv e  i s  to  achieve the la rg e s t  ou tpu t c o n s is te n t w ith  an optimum 
a l lo c a t io n  of re so u rc e s , m arginal c o s t p r ic in g  should be tr ie d *
I t  was then  suggested th a t  s in ce  th e  use o f m arginal co st p r i c ­
ing would give r i s e  to  lo s se s  fo r  the  f irm s , the same goal w ith  t o ta l  
revenue now m atching to ta l  c o s t could be achieved through the  employment 
o f a re g u la te d  d isc rim in a to ry  scheme c o n s is t in g  of e i th e r  tw o-part 
p r ic in g , w ith  a pe r u n i t  charge equal to  m arginal c o s t ,  or block p r ic in g , 
w ith  a charge in  the  l a s t  b lock  equaling  the same c o s t .  F in a lly ,  the 
use of m arginal c o s t p r ic in g  g u id e lin e s  to  solve the  so -c a lle d  "peak­
load p r ic in g  p rob lem "--the  problem o f m eeting the  peaking of e l e c t r i c i t y  
demand w ith  some optimum c a p a c ity  and the accompanying investm ents and 
c o s ts ,  a l l  in  th e  framework of a p r ic in g  s tru c tu re --w a s  ex p ls ln ed .
E x is tin g  em p irica l evidence on e l e c t r i c i t y  c o s t surveyed in  
C hapter I I I ,  even though i t  agreed w ith  the  th e o r e t ic a l  r e s u l t s ,  was 
f a r  from co n c lu s iv e . Three c r i t ic is m s  were made in  support o f th is  
p o in t:  (a ) the m a jo rity  o f  the s tu d ie s  examined used e i th e r  the p la n t
or the g en era to r as the  u n i t  of o b se rv a tio n ; (b) only g en era tio n  c o s ts  
were considered ; snd (c) d a ta  ad justm ents to  remove the in flu en ce  of 
the c e te r i s  p a rib u s f a c to r s —i . e . ,  f a c to rs  such as resou rce  p r ic e s  and
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technology which tend to  obscure the tru e  re la t io n s h ip  between co s t and 
c a p a c ity t o u tp u t, and number of cuetoners--w ere  no t s a t i s f a c to r y .
To c o rre c t  fo r  these  shortcom ings a new average c o s t fu n c tio n  
fo r  e l e c t r i c i t y  supply was proposed in  Chapter IV. A ccordingly, the 
f irm —being the  econom ically re le v a n t e n tity --w a s  the u n i t  o f in v e s t!*  
g a tio n , tran sm iss io n  and d i s t r ib u t io n  c o s ts  were added to  those of 
g e n e ra tio n , and the  c e te r i s  p a rib u s  fa c to rs  were included d i r e c t ly  in  
the  fu n c tio n  as a d d itio n a l ex p lan a to ry  v a r ia b le s  so as to  account 
p ro p erly  fo r  th e i r  e f f e c t .  M u ltip le  re g re ss io n  a n a ly s is ,  ap p lied  to  
pooled o b se rv a tio n s from a sample o f 56 p r iv a te ly  owned e le c t r i c  u t i l i ­
t i e s  over th e  1959-1968 p e rio d , produced an average c o s t equation  o f 
the form:
or
C * k + b±X±
where the co n stan t term k and the  c a p i ta l  l e t t e r s  denote the  n a tu ra l  
logarithm s of v and the  corresponding  low er-case l e t t e r s ,  r e s p e c tiv e ly .
The equation--w hich  follow ed the t r a d i t io n a l  economic d iv is io n  o f  e le c t r i c  
u t i l i t y  co s t in to  c a p a c ity , o u tp u t, and customer components, o th e r  th in g s  
equal--w as a ls o  e stim ated  (a )  on the  b a s is  of c ro s s -s e c tio n a l  observa­
t io n s ,  (b) w ith  dummy v a r ia b le s  fo r  the sample y e a rs , and (c) fo r  geo­
g rap h ica l lo c a tio n  and s iz e  subsam ples.
The re g re s s io n  r e s u l t s  were encouraging. The signs o f th e  c o e f f i ­
c ie n ts  were e a s i ly  r a t io n a l iz e d ,  the  t - s t a t l s t l c s  in d ic a te d  th a t  the  co ef­
f i c i e n t s  were a l l  s ig n i f ic a n t  a t  the  1 per cen t le v e l ,  and the a d ju s te d
-2
c o e f f ic ie n t  o f m u ltip le  d e te rm in a tio n  (R ) showed th a t  in  a l l  cases
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more than 81 p e r  cen t o f  the  t o t a l  v a r ia t io n  In  th e  coat per k ilo w a tt*  
hour was accounted fo r  by the  e ig h t Independent v a r ia b le s  considered .
I t  was dem onstrated th a t  economies o f sc a le  and economies of 
u t i l i z a t i o n  o ccu rred —meaning, re s p e c t iv e ly , th a t long run  and sh o rt ru r 
d ecreasin g  average c o s ts  were the  norm --in  the supply of e l e c t r i c i t y  
snd th a t  the p o in t a t  which economies o f sc a le  a re  exhausted had not 
y e t been a t ta in e d .  M oreover, economies o f u t i l i z a t i o n  were in  a l l  cases 
more Im portant than  economies of sc a le  a s  a source o f  c o s t sav in g s , i . e . ,  
b e t t e r  use of e x is t in g  c a p a c ity  led  to  a g re a te r  red u c tio n  In  u n i t  co st 
than  expansion in  c a p a c ity .
Three m ajor Im p lica tio n s  fo r  p u b lic  p o lic y  emerge from the f in d ­
ings o f both economies o f s c a le  and economies o f u t i l i z a t i o n  in  the 
e l e c t r i c  power in d u s try . In  the  f i r s t  p la c e , the  th e o re t ic a l  p o s tu la te  
th a t m arginal c o s t  p r ic in g  would lead  to  lo s se s  fo r  the  In d iv id u a l firm s 
i s  su s ta in e d . As James R. Nelson has sa id :
. . .  n e ith e r  M. B oiteux nor any o th e r  econom ist . . . would claim  
th a t  t h e i r  s tu d ie s  have achieved the im possib le  ta sk  o f e lim in a tin g  
the  d e f i c i t  problem from m arginal c o s t p r ic in g . What they have 
done i s  to  dem onstrate  th e  e x ce p tio n a l im portance and v a lue  of 
m arginal c o s t  a n a ly s is  in  a d ecreasin g  co s t in d u s try , due to  the 
e x ce p tio n a l im portance of avo id ing  p r ic e s  which a re  below m arginal 
c o s t .  This i s  t ru e ,  a f o r t i o r i ,  when decreasing  co s ts  are accomp­
an ied  by m u ltip le  c o s t  dim ensions and by a t r a d i t i o n  of p ric e  
d i f f e r e n t i a t io n - - a s  i s  tru e  fo r  e l e c t r i c i t y .*
Secondly, the  use o f prom otional r a t e s —no t le s s  than  m arginal c o s t—
designed to  encourage o ff-p ea k  consumption would in c re ase  th e  u t i l i z a t i o n
fa c to r  thereby  r e s u l t in g  in  lower average c o s t .
F in a l ly ,  th e  f in d in g s  support the  main conclusion  o f the  F edera l 
Power Commission N a tio n a l Power Survey; th a t  c o s t sav ings In  the
N elson, M arginal Cost P r ic in g  in  P r a c t ic e , pp. x v i -x v i l .
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g e n era tio n , tran sm iss io n , and d is t r ib u t io n  o f  e l e c t r i c i t y  could be 
achieved by moving from " is o la te d  o r segmented o p e ra tio n s , and from e x i s t ­
ing pools of lim ite d  scope, to  p a r t ic ip a t io n  in  f u l ly  coo rd inated  power
2
networks covering  broad a re a s  of the c o u n try ."  The reasons a re  twofold^ 
(a )  in te rsy s tem  c o o rd in a tio n , by p e rm ittin g  the se rv ic e  of w ider reg io n s , 
would j u s t i f y  la rg e r  a d d itio n s  to  c a p a c ity . Thus, economies of sca le  
could be taken advantage o f; (b) b e t te r  load d iv e r s i ty  and reduced 
rese rv e  c ap a c ity  a r is in g  from In te rco n n ec tio n s  and pooling  of firm s 
would lead to  economies of u t i l i z a t i o n  and hence lower c o s t per k ilo w a tt-  
hour.
The second reason  needs fu r th e r  ex p la n a tio n . The sim ultaneous 
peak load of a group o f system s is  always le s s  than  the  sum of th e i r  
sep a ra te  noncoinciden t peaks, owing to  d if fe re n c e s  in  time zones, types 
of custom ers, l iv in g  h a b i t s ,  and d iv e r s i ty  from seasonal v a r ia t io n s  in  
demand. Strong in te rco n n e c tio n s  to  a llow  the  sh a rin g  of f a c i l i t i e s  to  
meet th e  In d iv id u a l peaks would r e s u l t  in  a reduced t o t a l  c ap ac ity  
requirem ent thereby  r a is in g  the u t i l i z a t i o n  fa c to r  and low ering average 
c o s t .  S im ila r improvements in  u t i l i z a t i o n  and c o s t could be ob tained  
through a re d u c tio n  in  combined re se rv e  c a p a c ity  a r is in g  from these  i n t e r ­
connec tions. This type o f c a p a c ity  I s  needed to  cover scheduled main­
tenance and a ls o  to  provide a margin of p ro te c tio n  a g a in s t two s ig n i f ic a n t  
co n tin g en c ies : unexpected load growth and emergency equipment o u tages.
The red u c tio n  would be p o ss ib le  s in c e , n e g le c tin g  m aintenance which 
could be a p p ro p ria te ly  a rran g ed , i t  would be u n lik e ly  th a t  u n a n tic ip a te d  
load in c re a ses  and outages o f u n i ts  on a l l  firm s in  the  group would occur
2
As quoted in  P h i l l ip s ,  The Economics of R eg u la tio n , p . 597.
a t  p re c is e ly  the same tim e.
The fu n c tio n  estim ated  In Chapter IV a lso  In d ica ted  th a t :  (a )
In c reases  In  the  number of. custom ers and reso u rce  p r ic e s  were a sso c ia te d  
w ith  h ig h e r average c o s t ;  (b) th e  younger the  firm  and th e  g re a te r  the 
therm al e f f ic ie n c y , the lower the  c o s t pe r k ilo w a tt-h o u r; and (c) there  
were co s t advantages In  u sin g  coal v i s - i - v i s  o th e r  types of fu e l .  Three 
Im portant conclusions can be derived  from these  r e s u l t s .
F i r s t ,  s ince  the t o t a l  c o s ts  o f connecting  the consumer and re a d ­
ing h is  m eter, o p e ra tin g  and m ain ta in ing  the  lo c a l  d is t r ib u t io n  system , 
and perform ing the b u sin ess  o p e ra tio n s  a re  independent o f o u tp u t, a 
doubling o r t r ip l i n g  of customer usage would lcwer average c o s t .  On the 
o th e r  hand, a g re a te r  number o f consumers would lead  to  h ig h er per 
k ilo w a tt-h o u r c o s t .  Thus, i f  prom otional campaigns a re  to  be su ccessfu l 
the  ensuing in c re a se s  in  p e r c a p ita  consumption should  more than o f f s e t  
th e  c o s t r a i s in g  e f f e c t  of a t t r a c t in g  new custom ers.
Secondly, te c h n o lo g ic a l improvements lead in g  to  red u c tio n s in  
u n i t  c o s t more th an  compensated fo r  the in c re a se s  due to  h igher resou rce  
p r ic e s  during  the 1959-1968 p e rio d . Among these  improvements the most 
s ig n i f ic a n t  were: decreases in  the h e a t r a t e ,  development of sy n th e tic
in s u la t io n ,  f u l ly  automated g en era tin g  s ta t io n s ,  new designs and m a te r ia ls  
f o r  tow ers, underground cab le  fo r  r e s id e n t ia l  s e rv ic e , and e x tra -h ig h -  
v o lta g e  (EHV) tran sm iss io n . Consequently the  average u n i t  p r ic e  of 
e l e c t r i c i t y  f e l l  during  th e  period.** However s in ce  1968 th is  trend  haB 
been rev e rse d . While the  r a te  o f tec h n o lo g ic a l p ro g ress  has slowed,
3
U .S. F edera l Power Commission. T ypical E le c t r i c  B i l l s  (Washing­
to n , D .C .: U.S. Government P r in tin g -O ff ic e , 1969), pp. x , x x i ,  xxv.
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In c reases  In  f a c to r  p r ic e s  have n o t and th e re fo re  c o s t par k ilo w a tt-h o u r 
and average p r ic e  have r i s e n .
L a s tly , I f  e l e c t r i c  u t i l i t i e s  In a broad area were to  be I n te r ­
connected through a la rg e  tran sm iss io n  system , the  most economical 
g en e ra tin g  s i t e s  could be s e le c te d . This would Involve choosing low 
lab o r c o s t  a re a s  and most Im portant s i tu a t in g  p la n ts  near the ap p ro p ria te  
fu e l so u rces . Hence, an in te g ra te d  tran sm iss io n  network would reduce 
u n i t  c o s t by p e rm ittin g  in d iv id u a l firm s to  take  advantage of lo c a tio n a l 
b e n e f i ts .
I t  was argued In Chapter V th a t  the d if f e r e n t  r a te s  charged by 
American e l e c t r i c  u t i l i t i e s  to  the se v e ra l c la s s e s  of custom ers, by not 
being v a r ia b le  according  to  the  time of use (peak and o ff-p e a k ) , do 
no t s u i ta b ly  m irro r c o s t and consequently  lead  to  a poor u t i l i z a t i o n  of 
th e  economy's re so u rc e s . Furtherm ore, i t  was shown th a t  these  r a te s  do 
n o t r e f l e c t  p ro p erly  the v a r ia t io n s  in  th e  c o s t of p rov id ing  e l e c t r i c  
se rv ic e  to  r e s id e n t ia l ,  commercial, and in d u s t r ia l  custom ers. Thus, 
th ird  degree o r c la s s  d isc r im in a tio n  was sa id  to  be in h e ren t in  the 
p r ic in g  p o l ic ie s  o f U.S. u t i l i t i e s .  Because l a s t  block r a te s  were ap­
p a re n tly  unequal to  m arginal c o s t ,  i t  was concluded th a t  th i s  d isc rim in a ­
t io n ,  as c u r re n t ly  p ra c tic e d , promotea n e ith e r  the  most e f f i c ie n t  
employment of e x is t in g  c a p a c i t ie s  nor optim al investm ent d e c is io n s .
Changes in  demand p a tte rn s  and tech n o lo g ica l advancement w i l l  
undoubtedly a f f e c t  the  c o s t fu n c tio n  o f  e l e c t r i c i ty ,  supply in  the near 
fu tu re . P u b lic  concern about the  a v a i la b i l i t y  o f f o s s i l  fu e ls  (c o a l, 
n a tu ra l  gas, o i l )  as sources of energy , in c re a se s  in  t h e i r  p r ic e s ,  and 
environm ental c o n s id e ra tio n s  w i l l  tend  to  dampen th e  growth o f e l e c t r i c ­
i t y  demand; fu rtherm ore , they  w il l  c o n tr ib u te  to  a c c e le ra tin g  the
132
tech n o lo g ica l development and the  use o f a l te r n a t iv e  methods, e .g . ,  
n u c lea r power g en e ra tio n , which p rev io u sly  were thw arted by expense 
and /o r s a fe ty  f a c to r s .  These a re a s ,  which have rece iv ed  very  l i t t l e  a t ­
te n t io n  In  th is  study , can be the  su b je c t of f r u i t f u l  a d d it io n a l  re se a rc h . 
Also of p a r t ic u la r  note I s  th a t  th e  c o s t equ atio n  derived  here  I s  based 
on the  only data  th a t can be e a s i ly  c o lle c te d , namely data  on p r iv a te  
c o s ts .  Id e a l ly , what should have been Included are  the  to ta l  economic 
c o s ts  o f e l e c t r i c i t y  p ro v is io n , to ta l  economic c o s ts  being the  sum of 
p r iv a te  c o s ts  and s o c ia l  c o s ts , where s o c ia l  c o s ts  comprise e x te rn a l 
c o s ts  such as those connected w ith  p o l lu t io n , and re g u la to ry  c o s ts .  How­
e v er, the  problem of e m p ir ic a lly  In v e s tig a tin g  the b read th  of c o s ts  can 
be i l l u s t r a t e d  as fo llow s:
. . . the  c o s ts  a sso c ia te d  w ith  e x te r n a l i t i e s  and re g u la tio n  are  
no t easy to  q u a n tify . The inconvenience caused by a b lackou t 
ty p if ie s  th is  problem--how i s  i t  p o ss ib le  to  determ ine the  c o s ts  
o f a power f a i lu re ?  Tlte same d i f f i c u l ty  e x is ts  concerning the  
co st of re g u la tio n . The c o s ts  a sso c ia te d  w ith  m ain tain ing  a 
re g u la to ry  commission are  easy  enough to  a s se s s , bu t th i s  co st 
re p re se n ts  only a p a r t  of the  t o t a l  co st o f r e g u la tio n . A lso In ­
cluded a re  the  e x tra  co s ts  th a t  must be in cu rred  by the companies 
being reg u la ted  and, in  a d d itio n , any in e f f ic ie n c y  brought about 
through reg u la to ry  r e s t r a i n t s  must a ls o  be inc lu ded .
Hence, the  problems involved In  the measurement of the so c ia l  c o s ts  of
e l e c t r i c i t y  supply c o n s t i tu te  a worthy to p ic  bu t one th a t  w i l l  req u ire
a new and innovative  methodology.
In  siim, th is  s tudy  was m otivated  by a d e s ire  to  analyze th e o re t­
i c a l ly  and e m p iric a lly  the  a reas o f economies o f s c a le , economies o f 
u t i l i z a t i o n ,  m arginal c o s t  p r ic in g , and p r ic e  d isc r im in a tio n  In  th e  U.S. 
e l e c t r i c  power In d u stry . I t  was f e l t  th a t  p rev ious works by p u b lic
4
Olson, E f f ic ie n t  E le c t r i c i ty  Supply, p . 2 .
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u t i l i t y  econom ists d id  not s a t i s f a c to r i l y  t r e a t  or provide evidence on 
these  su b je c ts  and th a t  a more rlgo roua  approach was needed. I t  is  
up to  the  r e a d e r 's  Judgment to  determ ine how fa r  th is  Inqu iry  succeeded 
in  accom plishing these  endeavors.
t
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APPENDIX A
ELECTRIC UTILITIES INCLUDED IN THE OVERALL 
SAMPLE AND IN THE VARIOUS SUBSAMPLES
I .  O verall Sample
Firm  Name I d e n t i f ic a t io n  Number
Tucson Gas and E le c t r ic  Company 01
H artfo rd  E le c t r ic  L igh t Company 02
U nited I l lu m in a tin g  Company 03
F lo rid a  Power C orporation 04
F lo r id a  Power and L ight Company 05
Gulf Power Company 06
Tanpa E le c t r ic  Company 07
Savannah E le c t r ic  and Power Company 08
C en tra l I l l i n o i s  L igh t Company 09
C e n tra l I l l i n o i s  P u b lic  S erv ice  Company 10
I l l i n o i s  Power Company 11
Mt. Carmel P ub lic  U t i l i t y  Company 12
In d ia n a p o lis  Power and L ig h t Company 13
P u b lic  Serv ice  Company o f In d ian a , In c . 14
I n t e r s t a te  Power Company 15
Kansas Gas and E le c t r ic  Company 16
Kansas Power and L igh t Company 17
C e n tra l L ouisiana E le c t r ic  Company, In c . 18
G ulf S ta te s  U t i l i t i e s  Company 19
New O rleans P u b lic  S e rv ice , In c . 20
B altim ore Gas and E le c t r ic  Company 21
Boston Edison Company 22
D e tro it  Edison Company 23
Kansas C ity  Power and L ig h t Company 24
S t. Joseph L igh t and Power Company 25
A tla n t ic  C ity  E le c t r ic  Company 26
P u b lic  S erv ice  Company of New Mexico 27
Long Is la n d  L ig h tin g  Company 28
C in c in n a ti Gas and E le c t r ic  Company 29
C leveland E le c t r ic  I l lu m in a tin g  Company 30
Columbus and Southern Ohio E le c t r ic  Company 31
Dayton Power and L igh t Company 32
Ohio Edison Company £3
Ohio Power Company 34
Toledo Edison Company 35
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Firm Name I d e n t i f ic a t io n  Number
Oklahoma Gas and E le c t r ic  Company 36
P ub lic  S erv ice  Company o f Oklahoma 37
Duquesne L ight Company 38
M etropo litan  Edison Company 39
Pennsylvania E le c t r ic  Company 40
Pennsylvania Power Company 41
UGI C orporation  (U nited Gas Improvement Company) 42
West Penn Power Company 43
C en tra l Power and L igh t Company 44
D allas Power and L igh t Company 45
E l Paso E le c t r ic  Company 46
Houston L igh ting  and Power Company 47
Southw estern E le c t r ic  Power Company 48
Southw estern P u b lic  S erv ice  Company 49
Texas E le c t r ic  Serv ice  Company 50
TexfiJ Power and L igh t Company 51
West Texas U t i l i t i e s  Company 52
Monongahela Power Company 53
W isconsin E le c t r ic  Power Company 54
Hawaiian E le c t r ic  Company, In c . 55
Maui E le c t r ic  Company, L td . 56
Subsample Name Firm I d e n t i f ic a t io n  Number
I I .  G eographical Subeamplea
E ast N orth C en tra l (W isconsin, M ichigan, 09, 10, 11, 12, 13, 14, 23,
I l l i n o i s ,  In d ian a , and Ohio) 29, 30, 31, 32, 33, 34, 35,
54
West South C en tra l (Oklahoma, A rkansas, 1 8 ,.1 9 , 20, 36, 37, 44, 45,
L o u is ian a , and Texaa) 46, 47, 48, 49, 50, 51, 52
I I I .  S lse  Subaamnles
Small (c a p a c ity  le s s  than  750,000 01, 06, 08, 12, 15, 18, 25,
k ilo w a tts )  26, 27, 41, 42, 46, 52, 55,
56
Medium (c a p a c ity  between 750,000 and 11, 24, 31, 32, 36, 37, 40,
1,500,000 k ilo w a tts )  44
Large (c a p a c ity  over 1 ,500,000 k ilo w a tts )  05, 23, 30, 33, 34, 47, 54
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Subsample Name Firm I d e n t i f i c a t io n  Number
-
IV. Customer C lass Sub'samoles
R e s id e n tia l 04, 05, 18 , 25 , 26 , 28 , 42
Commercial 15, 17, 22, 24 , 27 , 45
I n d u s t r ia l 07, 19, 30 , 33 , 39 , 43
The y ears  of o b se rv a tio n  fo r  the firm s In  I ,  I I ,  and I I I  above 
were 1959 to  1968. In  the  case o f IV the y ears  o f  o b se rv a tio n  were: 
a) r e s id e n t ia l  subsample—1962 to  1968 fo r  firm  no. 04, 1963 to  1968 fo r  
firm s nos. 05, 18, 26, 28, 42, an(d 1966 to  1968 f o r  firm  no. 25; b ) 
commercial subaample—1959 to  1968 fo r  firm s nos. 22, 45, 1962 fo r  firm  
no. 15, 1962 to  1968 fo r  firm  no. 24, and 1963 to  1968 fo r  firm s nos.
17, 27; c) I n d u s t r ia l  subsam ple—1962 to  1968 fo r  firm s nos. 07, 19, 39, 
43, and 1963 to  1968 fo r  firm s nos. 30, 33.
APPENDIX B
PRICE TO MARGINAL COST RATIOS FOR THE 
CUSTOMER CLASS SUBSAMPLES
R e s id e n tia l Commercial In d u s t r ia l
P/MC p V mc P/MC P ^ C P/MC Pl /MC
2.730 1.853 2.478 1.438 2.065 1.456
2.919 1.657 3.018 1.880 2.146 1.117
2.970 1.440 2.028 1.106 2.170 0.977
2.806 1.829 2.112 1.558 2.266 1.268
2.783 1.719 2.369 1.444 1.705 0.864
2.975 1.477 2.622 1.432 1.960 1.002
2.343 1.889 2.940 1.396 2.033 1.200
2.675 1.695 2.333 1.489 2.180 1.025
2.850 1.728 2.267 1.521 2.211 1.075
2.938 1.542 2.325 1.119 2.228 1.081
2.544 1.421 2.653 1.428 1.810 0.988
2.730 1.846 2.942 1.496 2.117 1.030
2.816 1.491 2.510 1.501 2.230 1.000
2.567 1.656 2.392 1.399 2.138 1.081
2.440 1.520 2.317 1.382 2.372 0.975
2.968 1.492 2.448 1.440 2.312 1.100
3.369 1.800 2.659 1.432 1.952 0.925
2.062 1.693 2.514 1.523 2.188 1.102
2.700 1.751 2.386 1.372 2.052 1.001
2.809 1.810 2.546 1.365 2.193 1.009
2.724 1.852 2.594 1.622 2.184 1.048
2.629 1.724 2.602 1.287 2.310 1.076
3.032 1.692 2.406 1.429 2.054 1.102
2.986 1.600 2.588 1.443 2.178 1.040
2.661 1.599 2.552 1.417 2.132 1.025
2.892 1.652 2.687 1.398 2.109 1.012
2.532 1.481 2.695 1.516 2.243 1.116
2.724 1.527 2.478 1.430 2.333 1.105
3.164 1.729 2.560 1.446 2.159 0.999
3.071 1.862 2.745 1.382 2.238 1.087
2.274 1.498 2.775 1.342 2.182 1.003
2.938 1.472 2.737 1.542 2.100 1.023
2.608 1.801 2.233 1.382 2.238 1.008
2.691 1.703 2.592 1.540 2.402 1.033
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R e s id e n tia l Commercial In d u s t r ia l
P/MC p V mc P/MC P1^ P/MC P1^
3.224 1.627 2.707 1.489 2.021 1.056
3.316 1.561 2.510 1.378 2.080 1.004
2.265 1.608 2.769 1.412 2.182 0.968
2.829 1.672 2.729 1.321 2.088 1.031
2.578 1.733 2.699 1.499 1.678 1.022
2.829 1.756 2.616 1.526 2.033 1.115
Note: P denotes the  w eighted average p r ic e t P* Is  the p r ic e  belonging
to  the l a s t  energy b lock , and MC r e f e r s  to  m arginal c o s t .
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